| MULTI - CATALYST | NJECTI ON SYSTEM BACKGROUND OF THE | NVENTI ON Field of the
I nvention [0001] Enbodi nents of the invention generally relate to fluid
catalyst injection systens for fluid catal yst cracking units. Background of
the Related Art [0002] Fluid catalyst cracking units (FCCU) are comonly
used In petroleum refining to break | ong chain hydrocarbons present in
crude oil and to adjust the product mix recovered at the distiller. A main
catalyst is generally introduced into the FCCU by a catal yst injection
system whi ch periodically neters out catalyst for injection over a
predefined period of tinme. Such injection systens are available from

Intercat, Inc., |ocatedgpa @ rEqu@!\ | es of
conventional injecti onqg}g‘rmgfeﬁ&etgm Iggﬂ | ni %Ygggys’ Pat ent No.
5,389, 236, issued February 14, 1995, which is incorporated by reference in
its entirety. [BAGCKGROUNDIGOF THEJINVENTION®RI n catalyst, it is often

beneficial to inject other . catalysts into the FCCU to-further influence the
refining procef—ﬂ‘—ﬂé@%—&gﬁﬁl‘—'@?— sonme catalyst are fornulated to control
certain types ¢foofiliEfibédifentslstithésnviehton gefiially refats td fluid-catalyst injection

ni t r ogen- cont ai ni ng conﬁﬁéndsygresent in refinery emssions. O her

catal ysts may [B¥steesiRf gatalyst GIpEkiRg\ WSt he product mix recovered in the
distiller. For exanple, catalyst may be fornulated to produce nore diesel

fuel relative to gasoline or to increase the amount of liquid petroleum gas
pr oduced, amn&%gﬂm,ﬁlg@ét—en—dnﬁ_Qction systens are typically supported
on a separate f[&UﬂdqilhiﬁrbaQélﬁstf'@é&@irm ORitsCPOTY) &1 domrhdrly us6&lUh pefidleum
flexibility of the refiner to rapi add an additi orlljal %I XSt'IP ection
systemis very reinig ES&JI‘?’EEEMC_’W“ BFASPRNS RrRgeRt i er E(ﬁ’ﬁ]i cf @gius and.
install a new GRddilcy ix rédtvefdd Snthe YdtiNen. MAYMAIN R4INst i gerdhiynmtrofucyd t aki ng
advant age of market conditions favorable to a cerftain pro%ﬁct m X not

achi evabl e usi hgotthe el Py catalyat inieson yRyslems WhIF Y ReHAAICAH (PFIEE PY! t he

FCCU. The difficatdijsY forinjetfon Bétda pRidififed bEHoRSS k. USLIER ijedtidhaiystenishe

'njection of ada?'é te;v%irllgtlalecf?ct)rgl l>|/1tsetrcalt,n h%..n%\é:vat%d in Sea Girt, New Jersey. Other
examples of conventional injection systems are described in United States
Patent No. 5,389,236, issued February 14, 1995, which is incorporated by
reference in its entirety. 4
[0003] In addition to the main catalyst, it is often beneficial to inject other
catalysts into the FCCU to further influence the refining process. For example,
some catalyst are formulated to control certain types of emissions, such as the
amount of sulfur- and nitrogen-containing compounds present in refinery
emissions. Other catalysts may be formulated to influence the product mix
recovered in the distiller. For examplé. 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



catal yst injection systemal so hanpers the ability of the refiner to quickly
adjust refinery em ssions due to changes in regulations, differences in the
chem cal nake-up of crude oil or process equi pnent failure. Furthernore, as
catalyst injection systens are expensive to install, it is undesirable to
have unused catalyst injection systens stationed onllne as a precaution
agai nst any unant|C|pated need for pracess control. [ooos7 Therefore, there
is a need for a catalyst injection systemwhich enhances process
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respective dis %%@éﬁl lrér é'%c%§ g@%@@%ﬁ 'u nt!r:% eﬁﬁldp% ow o cat al yst
from each corrmﬁéﬁtmansysméms laee |e|xpem$we)|to snekallerih |sBth§§|rﬁE|S_Gﬁl FaveOsh@ed THE
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t hereof which é‘%"gal ?‘ﬁl?é?ef%&”g%'er% '? h afé’pécf{dgd %P@\ﬁﬁ ﬁaéqloln g? "t"g%e not ed,
however, that tdnhasgyseprdesbsdieaibilingsf fluid tatalystarackimglunitsypi cal enbodi nent s of
this invention-and are therefore not to be considered limting of its

scope, for the invention may admt to. other equally effective enbodi nents.
[ 00081 Figure BUMMAR% OPFITHE INVEXTIORt i ¢ di agram of one enbodi ment of a
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[00117 Figure 4n@lmmsh$ @ Sieeépendahtiyi eomtiof mOtﬂw efihrathlyst n froaf eadmultu-

I in i on r h r nt invention;
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] So that the manner in which the above recited features, advantages and

objects 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.

fooo8] 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;

[oo11] Figure 4 depicts a sectional view of another embodiment of a multi-

catalyst injection system according to the present invention;



.[0012] Figure 5 depicts a sectional view of another enbodi nent of a nmulti-
catal yst injection system having an adjustabl e separator according to the
present invention; [0013] Figure 6 depicts one enbodi nent of a separator

hi nge; [0014] Figure 7 depicts one enbodi nent of a separator |ocking
mechani sm (0015] Figure 8 depicts one enbodi nent of a separator seal
(0016] Figures 9-11 are graphs illustraing pressure variation in injection
systens havi ng nmechani cal and el ectronic pressure regul ation; [0017] Figure

12 is a schemafesadifaglirans AeprisC 8 NeRlidriap Vidw BF @R6thep edfbdidiment ofosl whati- and
[0016] Figure 13 i's a schematic diagramof a ongeeenbodi ment O‘%l a ﬁr ssure
control nodul e catalyshriniectiqsy systam hayng ran @diusiable, sgparstal-according, fR ey
catal yst fromagdnbingehtigh? system [oolg] To facilitate understanding,
‘identical reference nunerals have been used, where possible, to designate
i dentical el ers#mial tMigurerdepidisrapm embogiment ¢f 3yaeRasatopRiNARI ED DESCRI PTI ON

[0020] Figure 34 ighire dddi RibBlinfentlbesl sépBrator RiRiIng bR of a
fluid catalyt ijt%d@r Z@%‘%g dé&%?oéflgt emfklﬂ(;eg havi t‘?fgarong or nrgmre mul ti-catal yst
i njection systlems 15)9”&&&?%%9“@ embpdinmentaks seRaIORERAN. The injection

system 106 963&‘6@! | Bighiras! 4485 ate g?:sﬁr@,i Bi5tratifigt ?F&s@ufeowaﬁétwni M ifjectlopast two
catal ysts and |sp8n_se system for 1 ndependéntly di spensing catalyst from
the vessel 110.systemsihavingrineshsnigaband elaetranieprgssyemegulatipg em may di spense

nore than one ﬁ@t}ﬁl yﬁb,_irﬁf{Qﬁ%rﬁhéﬁﬁﬁéldﬁ#%%f”é’!cbﬁﬂ&ﬁl‘dﬁéwréﬁﬁé%hir@l' ly or

conmbi nati ons thereof. e I'njection system 106 to handl e
more than one owedulgisaindal | ows the refiner to reduce the nunber of

[N ectlons sySUGHE "G’ Pilid @ SEALHAR dibiint!8Fa Bne dnBbdiREn{ WD Breslire

c(at al ysts, and pro S a CcosS ective  neans r having excess catal yst
di spensi ng capatontrokpodule stitablefor enakling|tbédispenaeopftnregiseamodnts pkeatalyst e. g. |

new) catal yst t Lefd ni ocess. [0021] The FCC system 100 includes a
fluid catal yti chbcnIrl gﬁk’ﬁ%‘gb?ﬁg%en{um t 190 coupled to a distiller (not shown),

and to one or riore] che dhgiatei npdersiapdingy idestieal rEfEen@naumeralsthayn ket em 106
I's shown in Figueg dhefd S3IIQ o FodighiteiénticSi dlements that are common to the

figures.

DETAILED DESCRIPTION

[0020] Figure 1 is a simplified schematic diagram of one embodiment of a fluid
catalytic cracking (FCC) system 100 having one or more muilti-catalyst injection
systems 106 according to the present invention. The injection system 106
generally includes a container suitable for storing at least two catalysts and a
dispense system for independently dispensing catalyst from the vessel 110, It
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



coupled to the injection system 106 for controlling the operations of the
system 106. [0022) The FCC unit 190 is adapted to heat crude oil received
froman oil feed stock source (not shown) and convert the oil vapor into
one or nore different petroleum products including |iquefied petrol eum gas
(LPG and gasoline. In one enbodinent, the FCC unit 190 generally includes
a regenerator and a cracking chanber arranged in a conventional manner. One
exanpl e of an exenplary FCC unit is described in United States Patent

Appl i cation Selghapletl@o thelidjettidn yelemfiiobdor ddnyrofing thtd6)Raratidriscif the sitermby

I ncorporated by reference inits entirety. [0023) The catal yst injection
system 106 is GQQpI ed by a delivery line 115 to the FCC unit 190 to supply

and/ or repl eni qiszslatﬁ{evs@cfm 1996s laaa;m@a lt(ﬂhétﬁ d‘\]i‘tﬁa oicregdivediflorrsamoikfeedn one

enbodi nment, the cat aI I nj ectlo éOG i ncl udfz a storagg. vessel 110
coupl ed to a distgs& lﬂ“i‘ﬁ@) "ﬁF‘et & 9l yapehinfg, pne & fqrg, difiggentry, o
catal yst inj ectdewe‘awbﬂ:@h&ﬂéﬁh&@dun@ma@éﬂeﬂq&t@lé&wgds mexs):end@ésotmeuplhed to a
portion of the delivery I'ine 115 upst r eam of E, sel 110 and Fr%u 190.
Exenpl ary i nj e@eopmBodiment thadiChaiptytilagensd F‘Gluﬁéﬁé"‘f [q9enpERter

i nvention are dﬁé&fdd’@ﬁarhﬂeﬂ@ﬂrér%@dsﬁwaé RBONVEHBRAI -NaneEv, 38fe 2B3@ampie DY e
February 14, 1995, and _in Unit St at es Pat ent No. 358, 401, issued March

19, 2002, bot h e¥emplang FC&r enhisdescrigesdn %P%ﬁéﬁie%{/’a?e@f Apeliration SeriplNe.
entireties. Q1'6?445C@§:Balfbé%tMéW2?‘¥dogr\~ﬁMﬁFs%eﬁﬁﬁ&orﬁ@ﬁét&?b@%’éﬁée hatgbenef i

fromthe invention areé avallabl'e fromIntercat, Inc., of Sea Grt, New
Jersey, among ®@MHEtY. sources. [0024) In the enbodl rrent depicted in Figure 1,

a single catal %62 f “Tﬁ&%bt‘éﬂ/st eﬁn@ﬁ‘s}&@m‘ %@B%pleﬁ%ﬁ&%ehvér& fin@ 115 to
contenpl ated that ‘any nunber o cat a I nj ection systens, "or_ a sing

system for sel dogiRfed wnitn] ¥ 49 ﬁgpﬁhétaé)ﬂ&%tfeMP@ﬁ‘i‘ &atab{s&rf%ﬂ H$s, "bfefmgamﬁst
sources, may becrwé bit $0dk. 1PBRS EmbBBhifient, 18 éétmyktt iRfRBRS bystéA 1669%&:&5 and to

Fi gure 2 which Is a cross- sectional view of the stora e vessel
i | lustrated in g5tgrace vesselo§ qoupiedto A dispense §v§serag1é0\%§is%pre§§weu @niry'pu cally

a metal or otheycgik 468! ?heeawsnﬁsechaﬂsys@emtfumne?&;omaﬁ@escgﬂa@rgon?dat@410361

and 103b (herei nafter collectively referred onpartnents 103") for
i ndi vi dual |y stcoupled ta 2 fegiopsaf the gleliyasy éﬁ%daﬁmﬁtreamtqiéh%dﬁﬁ%ﬁlﬂﬁﬁm 103

share a common gEEgsidne BlépiayliRecRiPsysidethatnalfe adapted to benefit from
the invention are described in United States Patent No. 5,389,236, issued
February 14, 1995, and in United States Patent No. 6,358,401, issued March
19, 2002, both of which are hereby incorporated by reference in their entireties.
Other catalyst injection systems that may be adapted to benefit from the
invention are available from Intercat, Inc., of Sea Girt, New Jersey, among other
sources.
[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.
[o025] 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



upper end of the vessel 110. Although it is intended that different
catalysts will 5 be stored in each conpartnent 103, it is contenplated that
two or nore of the conpartnments 103 may store the sanme catal yst. [0026] The
storage vessel 110 includes two or nore fill ports 114a or 114b
(hereinafter- collectively referred to as "fill ports 114"), two and nore

di scharge ports 116a and 116b (herein&fter collectively referred to as

"di scharge ports 116"). Each conpartnment 103 is associated with an

associ ated paipe sforddip edthsehiyagenenndos,iit Is mtetmpme,thamwotm morelddtie t he

filling, storage and dis e t he cat Sfs stored in a respective
conpart ment 10E°RRATTRRN %ggggﬁayﬁ@euﬁlﬁ‘ﬂ" 8{’3\?% rge port 116 is coupl ed at
the bottom of johs) vw&e&m@é@ vte@sélmaodnsmemm oy siaren fill4gbris! 114zner emmm nent ,
t he vessel 110 is sujtable for

o 100 7
enbodi nent, t herinalier cresttively g e&'regqg ¥|E1 E)% gstwlfj’r et ‘i 4 gtngr

101. The sepﬁf@%ﬁ 1?}&\1&\8 mp(rﬁbéﬁmﬁr] hﬁllmmal?r?eﬂfrrleg?le aﬁsdiﬁdhardelﬁorts .
separ ati ng t he I"SC ar ge ports e se or exte ver [ ca Yy
within the int&t§br B %t‘Ffé“%'g'%%ﬂt Pgois 88@@%&“’5'?&" ?LWPC@%C@HG'E o0& ically

within the inggenge Qf‘mdtﬂlﬂ‘i)o\‘tgsﬁ%' 144 ® RoRtd ﬁweCﬁlIH@' efbrage hhediitkiagevet | s of
the vessel 110 to Separate the conmpartnents 103. In the enbggl!(geet depi cted

in Figure 1, thecatalydls stased fpagesnoctive earmrertronnl| 1984af jhe yesse 8% t he

vessel 110, sugich qépohhﬁsnls%uabdja@%é §oﬁdn$%ftﬂé @ésaaumo:@tmeaﬁép@ﬁgethe top
of the separator bet ween the conpartnments 103. I s al so contenpl at ed

that the separ &!S@?mﬂf@ |Pr1993@k@Wﬂ“?ﬁtoWPtVﬁéS%GﬂPW‘E'@b{%f@rP'é‘b"b?'e‘faﬁ%d vessel
110, and nmay IE bGesa plurality of holes (not shown) forned through the
separator 101 hear the fill J)orts 114 to all ow the pl enum 105 to

communi cat e wi {023 admope ampodipenty e reAPatmends 10§0ar6)separaterd by b deAshent
|| lustrated, thge 38pataf 201 ;gﬂnesegﬁrﬁbﬁoi hecotpRidPethe \LRRSAY of tAS vbsiep two

separate conpartnents hose skilled in the art wll

appr eci at e t hafl 1@.rRepafasing Jlae ﬂ%@@ge’ﬂ’ﬁsﬂdﬁ g emafaé@re‘tph etendsnverticillyber of

conpartnents 1QI?th|n4ﬁe Wtér‘iorlb?tﬂé \}éé§élrﬂbe¢h@§rebbl%'iorhl@r1 Qéxfhnd%'@eﬂi&ﬁlly witdedi nent ,
the separator 101 has a substantially planar shape t is positioned to

separ at e t he stheringsoyetthe|vesse 110:andds spupledricnthe Sl%wﬁ%ﬁ/‘PfrFQe vesskildtial Iy
equal vol umes. id BefiiaiehRe FRAMERNRS 103.N%h BRPBMBbGMeRP depidedan Figure 1,

the separator does not extend completely to the top of the vessel 110, such that
the plenum' 105 is .free to communicate across the top of the separator 101
between the compartments 103. It is also contemplated that the separator 110
may extend from the bottom to the top of the vessel 110, and may include a
plurality of holes (not shown) formed through the separator 101 near the fill
ports 114 to allow the plenum 105 to communicate with each of the
compartments 103.

[0028) In the embodiment illustrated, the separator 101 separates the storage
vessel 110 into two separate compartments 103a and 103b, but those skilled in
the ért 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



- "dog-1eg" shape that separates the storage vessel 110 into conpartnents 103
“havi ng unequal volunes (indicated by dashed Iine 101'). In. yet another
enbodi ment, the separator 101 has a substantially straight shape, but is 6
positioned slightly off-center within the storage vessel 110 to divide the
~storage vessel 110 into conpartnents 103 having unequal vol unmes (as

i ndicated by dashed line 101"). Confiduring the conpartnments 103 with
unequal volune is particularly suitable for use with two-part catal ysts

that require _Seeééi?”ér%d dighBrbir-eBniet withih fifs SlokageolessBst 1 cridthividle HESét6rage Wher e
greater quantity of one catalyst I1s used relative another, but .th?eq bot al

vol ume of cat al yesselidaQ intakeomRartrernss A58 having Wiegual yolumesdas inficated Hi

system [00291 Khshed fHeSROLPNCRARGFHMRANE R8fnphimeRRPRIRNMN uhBduaraslumetignd to
the top of the vessel 110 as shown i'n phantom by separator 155. In such an

enbodi ment, eacRadiowigdy tFuiablel fmAusa 0uith itweiPgte §aRISEHAhalt EEGYITRNBRRAYBA,
105B that are nfhﬁeétin'éi'dfff@r@le/@IgmeE,OQr?d)}n ,H?éieMSSﬁl?érngj]rQ?t@f %Qahtﬂ%'oﬁ@ﬂé at
| east one pressure port 180 1n comrunication wth the plenum 105. In,
embodi nent s wherataiyabisousedoretative @naiber, hut theatotal volusnr o catalystiused make ity

requi site nunbe teposed t hrough the vessel 110.
HeSfath fsHare ?{Egﬁ-ﬁvg)éﬁﬁj%slgﬁ sr‘}/éte?tﬁ’.

For exanple, two pressure po y be provided to all ow pressure
within respecti 9291 dhigralsolcmemplatd that the sepsraterotQidmay eatend take tpPense
system 140 conpi tegyn Whesh Atormt & A8kt enncaldneahi vely
referred to as &H}fe;s'egﬁgérq\g%d%v?%gsg%ﬁ?)%a?h ébé}tjpslegg‘edtio a resgective

di scharge port erbodimers:eash camrastment 203A. sI9SRJecldges @ feparate Rienym 18%% one

nmet eri ng device r 2 nt 103 of the storage vessel 100. The
1056 § A'aréf llﬁcﬂﬁ@ﬁﬁléﬂa

net eri ng devi ces are typlcally coupled to the control nodule 104 so
that an amount dfo3ejatBiey yessrd| 11k raise tncludes akll¢astrgna infessuis Regly 18Bein
moni tor ed of MetehaHRAtEH wiR 1fle BleRHMCIOs” T BirBBdffertt whERARBIR nidte Alia.
tinme need, for exanple, In respohse to flag froma process sensor. T 32]
The netering devsolated erwons Ao stiided, antequisite fnugrhies| of spressyre qrogtd mayvpe it s

associ ated conp ' g 1 { t174290.
The netering de\?’ﬁsi)gg{ﬁﬁr%g%ﬂ Eheet ggsss L?{(gf ?Ongég#leagv?%#aﬁ%nt\%a?%, véab'ngg;s flow
control l er, a shoay poprovidefl|towllowpsensureawitiia irespestivi pignume t8hb. Hagode ot her

monitored.

[0031] The dispense system 140 comprises metering devices 112a, 112b
(hereinafter collectively referred to as “metering devices 112"), each coupled to
a respective discharge port 116. 1In other words, the dispense system 140
comprises one metering device 112 for each compartment 103 of the storage
vessel 100. The metering devices 112 are typicaily coupled to the control
module 104 so that an amount of catalyst delivered to the delivery line 115 may
be monitored or metered based on a production plan or in response to a real
time need, for example, in response to flag from a process sensor.

[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



devices suitable for regulating the anmount of catal yst dispensed fromthe
storage vessel 110 for delivery to the delivery line 115. The netering
device 112 nay determ ne the amount of catal yst by weight, volune, tinmed

di spense or by other manners. Depending on the catal yst requirenents of the
system 100, the netering device 112 is typically configured to provide
about 5 to about 7 4000 pounds per day7 of additive-type catal ysts (process
control catalyst) or may be configured to provide about 1 to about 20 tons

per day of mai ygedtgduras- perTJu@y aie*a&altm Hg‘é'afé@sisl?prbh’&sc%rhbbl @e{auysar&

catal ysts over the course of pl anned productlon cycl e, g pi cal
hours, in multimpaebe kefigusd @r@@\é‘ﬂéﬁhﬁ)lﬁédo abpBLAf @”§[P&(:é§y 8 '@P'"t(’f@&alys't

production cycl gne HRYRYRG de%teah Y5 iRy dﬂlﬁ&s%tal?&ge&érr‘thérbou?s% peeded”

basis or in response to Tnformation provided by a | osed | oop system out put

noni t ori ng devipanned predddion WGQBUPICBW 241@0@%6(%#1@19 shelsi o tperfleterminegur e 1,
the nmetering d t 1 fheer

col l ectively raﬂér r ed %%cﬁsy%gﬁ?r%ﬁéucxgﬁ &Zc;le 1%g&§%ﬁa%§%ggéh§%)§b{gﬁeﬂegmunt
of catal yst deladdeddd dn 6ag needest’ drasigeor inckeseonselly infprinadion Prewjdad, by iane 115

by a tinmed act | are coupled to the
delivery line ﬁiﬂe@q?oﬂ g%?éh om@lt 6'94 rd@lc%gsé%rt he FCC unit 190.

Al t hough the cdpe3shl lwmembomae@tr@epl@%mﬁgwem ,ghe encteding deviggset 4 Areser i es
Coupl o i n par PP s 1528 RNIR (heKAER cpfScTB BN’ o Koyl

[ 00351 The contvaltesyv3d/pthat 3egyjatecthel ampount of watalyst idetivereg dram 1 storage2b t hat
are coupled t r e storage vessel 110.
Second ports %f%sgﬁs‘@jéw%g?@%ﬁépﬁﬁgc I ec%qlgd% Jerf erred to as "second
ports 144") of [oe3ap Toetentrol valvesd32are eoupladdathedelivery line i bétwrenthe he
delivery line | N I wer or
conpressor. Thllﬁrlﬁ sSEchg %4 J[h n]_-%a '@rﬁﬁagwt@@o%g ?r\t/“e: ﬁerssefair)rg%d to as
"third ports 14$1b)~rofn Filgere &cmat cmlpleﬁhiweemesm meedeltyam line t1185.atheogantroh of

the delivery liy 1 : E n en
position, the c e:sol?fié ﬁfa&' I@%Weé’rﬁ%\%%?%ﬁgg?pépg ?%@%vgﬁﬁﬁﬁﬂpﬁe@tr%?age
vessel 110 tovva‘rii%ammthetHGG dnipd9@. 146, where fluid provided fromthe fluid

source 134, m)Vo ﬁ b I%?ﬁ8€q3g?; Lerﬁﬂfﬁgﬁ.ﬁ%rfﬁ& 6&?—?145&,&92@%5 arg*6:

entrains and ca e ca
coupled toa respectlve discharge port 116 of the storage vessel 110. Second

ports 144a, 144b (hereinafter collectively referred to as “second ports 144") of
the control valves 132 are coupled to the portion of the delivery line 108
extending from the fluid source 134, such as a blower or compressor. Third
ports 146a, 146b (hereinafter collectively referred to as “third ports 146") of the
control valves 132 are coupled to a portion of the delivery line 115 leading to
( the FCCU 190. When actuated to an open position, the control valves 132
allow catalyst to flow from the storage vessel 110 towards the third 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?).
[oo36] 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



delivery line 115 to the FCCU 190. In one enbodinent, the fluid source 134
provides air at about 80 psi (about 5.6 kg/cnR). [0036] Figure 3 is a
sectional, isometric view of one enbodi nent of a control valve 132. The
control valve 132 includes a valve body 302 and an actuator 304. The val ve
body 302 includes a first flange 306 having the first port 142 forned

t heret hrough. The first flange 306 als8 includes a plurality of nounting
holes 308 to facilitate coupling the valve body 302 to a discharge port 116
of 8 the storage steagelveiddd 190shownnn Figyee ¢. TheTingt flangs 306 lisiogupl@D® a s
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of the storage sse wn in._ Fi . e.orifice i s typica
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gf L hgzczzolntrol ml@!aawitglz%azi@hméammhn a?,cgeclp16 aichdeme st&ﬁ_@wegsgﬂmm@hbrfvg ilahshear
IS atera acyo t S . ). e shear | [a as a
| apped netal li ch%'ﬁ%ﬁfsig? Pﬁgﬁ%gﬁ ist¥PieR|ly; %‘%%%ab%{’gﬁi& azt?ng\[rlgf\m%é%at
316, which is typdigmeler. al so netallic. As the shear disk 322 is disposed on
t he downstream si de t he_val eat 316, an ckpressure generated in
the FCCU 190 wi [4037doﬁjr\en86q}7\ér ?’iﬁtqﬁytﬁﬁp"é?ﬁ‘t’f’hé{a&‘él 5@ '§§E?nfuc{)@§g]‘gﬁ? a Yuiator
assenbly 324 coypksivehmoingad shbdridiske822 Ritdray acrbsatiy seat@46! ITete stasakr ol s

t he open and cl osed_state of the control valye 132. The acjuator. assenbl
iDa Cheludos o Gk 2% 36merly e 8BRS LRReSTAIREGTte. Rt BERIET oy m

328 of the actuapginsemesiibleysedlB16SwhieHié §gidally alsoanetanit. tArethedhehk disk 6

di sposed on the_qutside of%(i]he hgusi n\ﬂn 310. A_qsec?n%sar n&SSO (%f i&e

act uat or assenbp§23§4df5§°§ pPed ?_od% LegMorsiqen Ot sthgr valosSeats 8i&ed@n t he
cavity 312 of thgc e@uwgeﬂ&atee iRitie BEZLEIdEWMSHOt irtiveRéntyaspendhavane30 and
engages the shear disk 322. A recess 334 forned in a |ower surface of the

shear disk 322 ré8eives the pin 332 and prevents the pin 332 and shear disk
' [0038) An actuator assembly 324 couples the shear disk 322 to the actuator

304 that controls the open and closed state of the control valve 132. The
actuator assembly 324 includes a shaft 326 that extends through the housing
310. A first arm 328 of the actuator assembly 324 is coupled to an end of the
shaft 326 disposed on the outside of the housing 310. A second arm 330 of the
actuator assembly 324 is coupled to an end of the shaft 326 disposed in the
cavity 312 of the housing 310. A pin 332 extends from the second arm 330 and
( engages the shear disk 322. A recess 334 formed in a lower surface of the
shear disk 322 receives 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.
f0039] 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



322 from becom ng di sengaged as the pin 332 selectively urges the shear disk
322 laterally over or clear of the orifice 318. [00391 An annul ar bushi ng
336 residing in the recess 334 circunscribes the end of the pin 332. The
bushing 336 is retained by the pin 332 and can nove axially along the pin
332. A dianeter of the bushing 336 is generally less than a dianmeter of the
recess 334 to that the shear disk 322 way rotate eccentrically round the
bushi ng 336 and the pin 332 as the shear disk 322 is noved | aterally.

[ 0040] A biasin r . i ' | e fn 332
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nmodul e 198 i nt edayiditemiztivaty utiesothdreoptronagesvessel 110 to about at nospheric
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with the control module 104 to regulate pressure within plenum 105 of the

storage vessel 110. The pressure control system 198 generally pressurizes the

storage vessel 110 to about 5 to about 80 pounds per square inch (about 0.35

to about 56 kg/cm?) during dispensing operations. The module 198

intermittently vents the storage vessel 110 to about atmospheric pressure to

accommodate recharging the vessel 110 with catalyst.

[0043) The pressure control -system 198 is generally coupled to a pump or

other pressure source, and includes regulators and/or other pressure and/or

flow control devices suitable for 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 iniet 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



[ 00431 The pressure control system 198 is generally coupled to a punp or

ot her pressure source, and includes regul ators and/or other pressure and/or
fl ow control devices suitable for regulating the pressure within the plenum
105. The pressure control system 198 is generally controls pressure within
the plenumby controlling the flow of gas through one or nore ports

di sposed in the vessel 110. In one endodi ment, an inlet port 196 and an
outlet port 194 are formed in the vessel 110 through which flows of gas
into and out obydtem 198 sath thall theapressurgs ivathindedph plpeupr HSMINO5BaNaY Be syst em
198. I n enbodi nents uns 105A, 105B are fluidly isolated, separate
I nlet ports 1951,“&5%3%2'8%0%%@% ports 190, 194 separately couple each

pl enum to the pooess Figuredidt deylictd One eymhodimery ®f thecpresdiare congropsystasm 88 wi t hi n

each pl enum 105A, ,105B b i nﬁﬁp n led. Fj e 13
depi cts one enﬁB‘dﬁ‘ a V@g‘?‘h@"& essu?%gggﬁrédrboﬁgﬁbég g%ﬁ%gh%géﬁ)gﬁé n? # a
vessel 1300. Thte stesgel ves846 dasgribbe heoair,iforumxachpia) vessels ang, 400, S8hersesor age

vessel s described herein or .exanpl v I a
si ngl e conpart ﬁeﬂf‘g@e‘é%'@?a@w YFRv n§3%1 E?ﬁ@sﬁa %i'gygl é%%’yafgégﬁ%ee §‘t§jtﬁtet
1303, as shown 1803 Faguwhewh3n Higures1idl dpiscalss eopleaiptated Hthat stbragegessalssel s
havi ng other confjiqurations.will benefit fraqm pressure con I ssure
control system?’f?é'ﬁ.a gtgpr &90fousatiofss ﬁ'sb?% it fcﬁ'i ngiss%? %é[ %Hc?%ﬁ*g&gports
180, 194, 196 abAtrel $YsesmmO805For dbeSef dibauspionsther vesseht 3@0 incjusies poits 8
I ncludes a control _ cjrcyit havin pressure control valve 1330, a vent
control val ve 11§§01gci4138§ aBF‘@s‘\li?f?‘g" efI)"?'ansm' tter 1320. An inlet of the
pressure contr glosasjal e prRISSuies coraroplsgstemo198 irghusiesoalrcoatrelucircuitshavingl ant  ai r
supply 1332, while an outl et of pressure . contyrol ve 1330 is coupl ed
to the inlet pdfEsstt WEr?'héa(‘)/ﬁsi%%'t% ‘éﬂ"klo(??/"{rﬂ'e Va\‘f%s%%fd 2l #oPasure
pressuri zed whemnbmittepr1@20UrAn iettof ahe yedséarelctishrol salo@andad.is céuplediteed of the
vent control valve 1310 is coupled to the o et . port 194 of the vessel
150, i1 e an b ot sidhu59 dhpBRb T sups aidve: Wik ahodes A 15 BendERner o
to all ow the plcantsn vdNe 9830 hecogiatto thklinted poat 1g8nbietherseelt theallv@nthecont r ol
valve 1310 is o enqg.1 Tég}i cal I%‘g adfi I tglr% or ot her fiulct ICO ol mechani sm
(not shown) i ¥e55RIdrPJL LS RIERSHERRD IMREN TR Pregfe coptrolyale S2RE"¢%he
vessel 110 to A el tiexbentsdontrdl wieal ¥10 is cdupledtto thé motigthmre1 ®f of the
contam nation ?,fesée*I‘? 1}5,61 JvKiFe an outlet of the vent control valve 1310 is open to atmosphere

to allow the plenum 105 of the vessel 110 to be vented when the vent control

valve 1310 is opened. Typically, a filter or other duct control mechanism (not

shown) is interposed between the vent control valve 1310 and the vessel 110 to

prevent exhaust of catalytic dust to atmosphere or contamination of the valve

1310. It is contemplated that systems with muitiple fluidly isolated plenums

may be respectively controlled through by a single pressure control system 198

having dedicated control circuits of pressure control valves, 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 controlied 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



1310. It is contenplated that systens with multiple fluidly isolated plenuns
may be respectively controlled through by a single pressure control system
198 having dedicated control circuits of pressure control valves, vent
control valves and pressure transmtters simlar to that showmn in Figure 13
for each plenum [0046] The actuation state of the pressure and vent

control valves 1330, 1310 are controliied by signals provided by the control
nodul e 104. The signals nay be electric, fluid, pneumatic or other form of

conmuni cati on. {4p4i gqj,-y,emgﬂﬂ ARNafehhed Qtda o Erbgwré sbabl@ fétedctuatihg e Ot

val ves 1302 are uti I | zed provide pneumatic signals that determnes the
actuation st at evglyese1330; h%W)penl ng and closing) of the valves 1310, 1330.
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to the port 17 I ze I sol at enuns. The sensor transmtter
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whi ch is incorpor ere n
enbodi nent , thethenpeh)»tenom%y‘sﬁemal/o@e omnltorﬁsil by nneteﬂeddeﬁ)r@newtable n@nt@l

sensors 124 for ,auol didaGrbedih Urfied '$1dt80 PtehP Appif3BbN 'Sefai S RV E700T

filed November 26, 2002, which is incorporated by reference herein in its
entirety.

[oo4s] In one embodiment, the injection system 106 optionally includes one or
more sensors 124 for providing a metric suitable for resolving the amount of
catalyst passing through the metering devices 112 during each injection of
catalyst. The sensors 124 may be configured to detect the levels (i.e., volume)
of catalysts in the compartments 103 of the storage vessel 110, the weights of
catalysts in the compartments 103 of the storage vessel 110, the rates of
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



.catal yst passing through the netering devices 112 during each injection of
catal yst. The sensors 124 may be configured to detect the levels (i.e.,
volune) of catalysts in the conpartnments 103 of the storage vessel 110, the
wei ghts of catalysts in the conpartnents 103 of the storage vessel 110, the
rates of catalysts novenent through the storage vessel 110, discharge ports
116, netering devices 112 and/or cataligst delivery line 115 or the I|ike.

[ 0050 In the enbodi ment depicted in Figure 1, the sensor 124 is a plurality
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derive a For example, catalyst additions in response to a sensed output metric may be
utilized to maintain the system emissions at an acceptable level or to derive a
desired product mix from the feed stock oil.
[0052] Based on the control module’s determination, at least one particular
catalyst suited to address a particular system need (e.g., emissions reduction)
may be dispensed from the multi-catalyst injection system 106 and released
into the delivery line 115. In one embodiment, several catalysts are dispensed
simultaneously from a single injection system 106 and released into the delivery
line 115. Thus, the number of total storage vessels 110 for containing catalysts
may be reduced, and the FCC system 100 may be adapted to operate more
efficiently with minimal system modifications.
[0053)] Figurel 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



desired product mx fromthe feed stock oil. 100521 Based on the control
nodul e' s determ nation, at |east one particular catalyst suited to address
a particular systemneed (e.g., em ssions reduction) nay be dispensed from
the nulti-catalyst injection system 106 and released into the delivery line
115. In one enbodi nent, several catalysts are dispensed sinultaneously from
a single injection system 106 and rel eased into the delivery I|ine 115.

Thus, the nunber of total storage vessels 110 for containing catalysts nay
be reduced, and the FCC system 100 may be adapted to operate nore
efficiently witthesenanaor 402t Ehe separafor 402 cervprisesdhree f%ﬂgt% 406a,406bapd a

sectional view gbeanAbhiarelRafielialy Rherfedih lds iloBl Vase') MACAiiae wyst em
400. The nmulti-cafalyst injection system400 is sinmlar to the system 106
depi cted i n Fi gstosagel ‘asdel intad theo tees eempagmentsgd04esseach af1the; tregar at or
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catal ysts that rnelume ds particularly suitable for use with two-part catalysts that require
separate injection at different volumes, and in systems where greater quantity
of one catalyst is used relative another, but the total volume of catalyst used
make it desirable to share a common injection system. Moreover, one of the
compartments 404 may be kept empty to provide an on-line emergency
injection system ready for loading catalyst for satisfying unplanned changes in
processing requirements, thereby enabling the refiner to quickly take advantage
of market conditions or regulatory issues, such as emissions. '
[0054) Figure 5 depicts a sectional view of another embodiment of a multi-
catalyst injection system 500. The multi-catalyst injection system 500 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 discharée port 508a, 508b or 508c
(hereinafter collectively referred to as “discharge ports 508") and fill ports (not
shown).



: separate injection at different volunmes, and in systens where greater
quantity of one catalyst is used relative another, but the total volune of
catal yst used nmake It desirable to share a comon injection system
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hi nge 510 to adjust the volunetric ratio artnents 504.
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(506a) and a second el enment 604 coupled to a second one of
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a hole 620 formed through an upper brace 610 coupled to the sidewall's of

t he vessel 501 retaiped by the elements 02 604, to freely rotate around the rod 608.
(00571 The movable flanges 506 are fixed in orientation by a locking
mechanism 640. In one embodiment, one locking mechanism 640 is coupled to .
each edge 642 of the flanges 506 adjacent the sidewall of the vessel 501. The
tocking mechanism 640 is generally adapted to releasably engage the sidewall
of the vessel 501 in a manner that prevents rotation of the flange 506.
Alternatively, the locking mechanism 640 may be disposed in another location
within the vessel 501, and configured to secure the relative position of the
flanges 506. For example, a lacking mechanism may be configured to bind the
hinge 510 or be in the form of a brace (not shown) disposed between two or
more of the flanges.
[oos8] 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



. engages a hole 612 fornmed in the bottom of the vessel 501. The brace 610
and hole 612 retain the rod 608 in an orientation that allows the flanges
506, retained by the elenents 602, 604, to freely rotate around the rod
608. [0057] The novable flanges 506 are fixed in orientation by a | ocking
mechani sm 640. I n one enbodi nent, one | ocking nechanism 640 is coupled to
each edge 642 of the flanges 506 adjaceht the sidewall of the vessel 501.
The | ocking mechani sm 640 is generally adapted to rel easably engage the
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mounting flange 804. The mounting flange 804 is coupled to the flange 506a in
a position that allows a second edge 806 of the seal 650 to extend beyond the
edge 642 of the flange 506 to engage the walls of the vessel 501. The second
edge 806 of the seal 650 is generally configured to allow the flange 506 to
move relative the vessel 501 while substantially preventing catalyst from
passing bgfween compartments through the gap defined between the edge 642
of the flange 506 and the vessel 501. In the embodiment depicted in Figure 8,
the seal 650 is a brush having its first edge 802 crimped or otherwise 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



"Exanpl es of suitable seals 520 include gaskets and brushes. The seal 650
may be di sposed on one or both sides of the flanges 506. [00601 Referring
additionally to the partial sectional view of Figure 8, the seal 650 is
generally includes a sealing, elenment 810 coupled at a first edge 802 to a
nounting flange 804. The nounting flange 804 is coupledto the flange 506a
in a position that allows a second eddé 806 of the seal 650 to extend
beyond the edge 642 of the flange 506 to engage the walls of the vessel
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t he system 100. the sensor transmtter 1320 aS depicted in ure
pulot regulator valve 1202, a control valve 1204 and a pressure indicator 1206.
The pilot regulator valve 1202 is manually set to a predefined pressure. When
the pressure at a sensing port 1208 of the pilot regulator valve 1202, which is in
communication with a plenum 1205 of a vessel 1200, the pilot regulator valve
1202 opens to provide pressure to an actuator of the control valve 1204. The
control valve 1204, upon being actuated by the pilot regulator valve 1202,
provides gas from a plant air supply 1210 to increase the pressure of the
plenum 1205. The pressure indicator 1206 is generally coupled in
communication with the sensing port 1208 and plenum 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.

[oos5] 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



- provides real tine pressure information to the control nodule 104, the
pressure wthin the vessel 110 may be nore accurately nonitored as conpared
to conventional pressure control systens. [00641 For conparison, a
conventional pressure control system 1250 is depicted in Figure 12. The
pressure control system 1250 generally includes a pilot regulator valve
1202, a control valve 1204 and a pressure indicator 1206. The pil ot
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without reliance of mechanic systems such as thase described in Figure 12,

precise regulation of pressure within the vessel 110 is facilitated. This allows
for more accurate calculation of vessel weight, and ultimately, move accurate
control of the amount of catalyst injected into the FCC unit 190, thereby
providing more robust process control.

[0o67] Figures 9-11 depict the effect of pressure variations on the weight
reading of an addition system having mechanical pressure control system such
as shown in Figure 12 verses an electronic pressure control system such as
pressure control system 198. Figure 9 depicts a graph 900 ilustrating 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



Beneficially, the control nodule 104 prevents such occurrences by | ocking
out or suspending pressure regulation by the valves 1310, 1330 of pressure
control system 198 during catalyst fill and di spense operations.

Conversely, injections of catalyst to the FCC unit 190 or recharging of the
vessel 110 with catalyst nmay be del ayed during pressure regul ati on by
pressure control system 198 until botm val ves 1310, 1330 are cl osed. [00661
Moreover; as the pressure within the vessel 110 is control electronically
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[oo68} Figure 10 depicts a graph 1000 illustrating the relation of pressure
within a vessel, as shown by plot 1020, and a plot 1030 of the vessel weight.
The graph 1000 has pressure on y-axis 1002, weight on y-axis 1006, and time
on the x-axis 1004. As depicted in Figure 10, the plots 1020, 1030 have been
obtained during a period where no catalyst has been discharged, and as such,
the plot 1030 should be steady, e.g., horizontal. However, as the pressure plot
1020 exhibits variation due to fluctuation in the reading from the conventional
pressure sensor and control system (e.g., the control system 1250), the
variation in the sensed pressure, and accordingly, the weight of 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.

[0069) 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



-effect of pressure variations within the vessel may undesirably lead to

m scal cul ati ons of catal yst discharged, particularly when different types of
catal yst having different weights are present in the conpartnents. Thus,
control, accuracy and precision of the pressure reading is inportant for
obt ai ni ng robust process control. Plot 910 is illustrated of the inproved
pressure control and/or sensing of pressure control system 198 over
conventional systens (such as the system 1250). Elimnation of the pressure
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performance of the FCC unit. Process flexibility, therefore, is greatly enhanced.
[0071} While foregoing is directed to the preferred embodiment of the present
invention, other and further embodiments of the invention may be devised
without departing from the basic scope thereof, and the scope thereof is
determined by the claims that follow.



1130. Thus, the use of electronic pressure transmtters and el ectronic
pressure control systens of the type described above advant ageously
facilitate process control in systens where accuracy w thin one pound of
catal yst dispense is required. 10070] Thus, the present invention
represents a significant advancement imgthe field of fluid catalytic
cracki ng systens. A storage vessel for process catalysts is provided that

i s capable of dispensing two or nore catal ysts, either separately or

si nul t aneogsgdiys Enbodi ments of the invention allow the storage vessel to be
adjusted to contain varying volunes of catalyst according to changing
process needs. Moreover, inproved pressure control provides increased
accuracy of catalyst additions which conplinentarily inproves the

per for mance of . upit. Process flexibility, therefore, is greatly
enhanced. ?[007%?ﬁmﬁg§@y?%9388P%§“eE“ﬁWFE@F@d to the preferred enbodi nent of
the present i nyeqfd@lytRid@kimnitf urther enbodi ments of the invention may
be devised w thout departing fromthe basic scope thereof, and the scope
thereof is det arcaiheidinisgtiomesselagonpled Ha ther Bpid patalypio cragkinigngnity theavespeli d
catal ytic crackj ] Sk ng. j atalytic cracking unit; a
cat al yst inject P%“@%@@gwgﬁ%fa@ %}gragﬁgor;q%)aﬁ “gsa%'a ytic cracking unit, the
vessel having asglawdtéd ddupledfto adioatbinsif thd vgsse) @nd erfendihgedn bus cleautibnasheg par at or
coupled to a botfonlof the vessel and extending to an el evation short of a
top of the vess@l2topof#ifevesigtt em of claim 1, wherein the separator
conprises: two or nore flanges extending radially outward froma comon
joint, at least two of the flanges formng a dog-leg orientation. 3. The
syst em of @l ai nll¢ systear ef alaitrhk véexar tie sepacasorprompeises: t wo or nore fl anges

extending radially out d froma.co njoint, . at |east two t he flanges
ot at abl o ar ountd REMEDRE] SReineataheb Sy BT e CRaan ARt AP Ao at

| east two of thefgatahystfoslifg 2a6g-keMPBAthii®Nt S have different volunes. 5.
The system of claim 1, wherein at |east two of the catal yst storage

conpartnents
3. The system of claim 1, wherein the separator comprises:

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

of the flanges rotatable around the common joint.

4, The system of claim 1, wherein at least two of the catalyst storage
compartments have different volumes.
5. The system of claim 1, wherein at least two of the catalyst storage compartments
are substantially equal in volume,
6. The system of claim 1 further comprising:

a plurality of catalyst fill ports disposed through a top of the vessel; and
a plenum is positioned within the vessel proximate the fill ports and fluidly

coupled to the catalyst storage compartments.



are substantially equal in volume. 6. The systemof claim1 further
conprising: a plurality of catalyst fill ports disposed through a top of the
vessel; and a plenumis positioned within the vessel proxinmate the fill
ports and fluidly coupled to the catalyst storage conpartnents. 21 7. The
systemof claim| further conprising: ajpressurizing systemcoupled to the
vessel adapted to control the pressure wthin the vessel in a range of
about 5 to about 80 pounds per square inch (about 0.35 to about 5.6
kg/cnR). 8. The systemof claim1 further conprising: a respective netering
device coupled to each catal yst storage conpartnent. 9. The systemof claim
1, wherein At | d8gsystameobslaitthb firthensapaarisiigor age conpart ments has an
adj ust abl e volu i f i rei ~injection
vessel is closed. ref%&lzll%%ssééltsée()% 63? t(():Icc\ﬂaeia\;r% e}aﬁﬁ@eﬁﬁe?ﬁgﬁggﬁ ae?%}%%%fth]ﬁecti on
vessel further demesiesasa range pf aetsmiub eo stams 80 podrids pEhequasesineim(abdutdl. 26 o 1,
wherein the corrpartgtaﬁ l_g{ the catal yst injection vessel are

pressuri zabl e. bout A K&/ )c at al ytic cracking systemconprising: a fluid
catalytic cracking unit; a catalyst injection vessel coupled to the fluid
catalytic cracking unit, the vessel having a plurality of catal yst storage
conpart ment 8. a Jbpays&nopf daeinpl Edtheetomseising: bott om and a top of the vessel;

and"at | east ong holg extending Lheough Lhe SeRal LRl 0LOXbIE, he top of

9. The system of claim 1, wherein at least one of the catalyst storage compartments

has an adjustable volume.

10.  The system of claim 1, wherein the catalyst injection vessel is closed.

11.  The system of claim 1, wherein the catalyst injection vessel further comprises:

a pressure vessel.

12. The system of claim 1, wherein the compartments of the catalyst injection vessel

are pressurizable.

13. A fluid catalytic cracking system comprising:
a fluid catalytic cracking unit;
a catalyst injection vessel coupled to the fluid catalytic cracking unit, the vessel
having a plurality of catalyst storage compartment;
a separator coupled between a bottom and a top of the vessel; and

at least one hole extending through the separator proximate the top of the vessel.



