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transportable (i.e., nobile) fluid cracking catalyst injection system
Background of the Related Art [0002] Fluid catal yst cracking units (FCCU)
are commonly used in petroleumrefining to break |ong chain hydrocarbons
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catal ytic cracki na'u3 system 130 generally includes a fluid catalytic cracking
(FCC) “unit 13adjushihe pdusd roix recexerdyat thenqilét!l!eronAswirbﬁatf&ﬁt i§geperalyeed
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catalysts argys?grrﬁgigi%dagg"églgd#&% Intercat, Inc., located in Sea Girt, New Jersey.
Other examples of conventional injection systems are described in United
States Patent No. 5,389,239, issued February 14, 1995, which is incbrporated
by reference in its entirety.
[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 ceﬁain types of emissions, such as the
amount of sulfur- and nitrbgen-containing compounds present in refinery
emissions. Other catalysts may be formulated to influence 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
petroluem gas produced, among others.
[0004] Figure 1 is a simplified schematic of one embodiment of a
conventional fluid catalytic cracking system 130. The fluid catalytic cracking
system 130 generally includes a fluid catalytic cracking (FCC) unit 110 hard
piped to a catalyst injection system 100, an oil feed stock source 104, an
exhaust system 114 and a distillation system 116. One or more catalysts from
the catalyst injection system 100 and oil from the oil feed stock source 104 are

delivered to the FCC unit 110, The oil and catalysts are combined to produce
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among other process control attributes.

[0007] As these injection systems are typically supported on a separate
foundation and hard pipe connected to the FCC unit, the flexibility of the refiner
to rapidly add an additional catalyst injection system is very limited. 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 catalyst injection systems currently
coupled to the FCCU. The difficulty in providing quick process adjustment
through the injection of additional catalyst in a new catalyst injection system
also hampers the ability of the refiner to quicidy adjust refinery emissions due to
changes in regulations, differences in the chemical make-up of crude oil or
process equipment failure. Furthermore, as catalyst injection systems are
expensive to install, it is undesirable to have unused catalyst injection systems
stationed online as a precaution against any unanticipated need for process
control.

[0008] Therefore, there is a need for a catalyst injection system which
enhances process flexibility.
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which is easily transportable and Integratable with a fluid cracking
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this inventi @Brrﬁjmnr@r 8 plageeh,048 eatalyst reservoir coupled to the platform and a flow
control device adapted to control the flow from the catalyst reservoir through an
outlet of the catalyst reservoir to an operational refinery having at least one fluid
catalyst cracking unit; coupling the metering device to the FCC unit and
injecting catalyst into the FCC unit. In alternative embodiments, the step of
transporting may comprise at least one of transporting by road, transporting by
rail, transporting by air and transporting by sea.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] 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.

[0012] Figure 1 is a simplified schematic of one embodiment of a
conventional fluid catalytic cracking system;
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MLt - cat al ydeiBh) ect FIgTe fcasiqeopew] ofanaiper smbodiment.of 8 aebilh eaabist ( he
nobi l e mul ti rﬁ@&%ﬁ/ élw.ectlon systemof Figure 7; [0020] Figure 9 is a
sinmplified schematic | agram of anot her enbodi ment of a nobile
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system of Figure 7;

[0020] Figure 9 is a simplified schematic diagram of another embodiment
of a mobile multi-catalyst injection system;

[0021] Figure 10 is a partial sectional view of another embodiment of a
mobile multi-catalyst injection system;

[0022] Figure 11 is a sectional view of one embodiment of a injection
module of the mobile multi-catalyst injection system of Figure 10;

[0023] Figure 12 is a partial sectional view of one embodiment of a locking
mechanism of the mobile multi-catalyst injection system of FlgL}re 10; and

[0024] Figure 13 is a partial sectional view of one embodiment of a seal of
the mobile multi-catalyst injection system of Figure 10.

[0025] To facilitate understanding, identical reference numerals have been
used, where possible, to designate identical elements that are common to the

figures.
DETAILED DESCRIPTION
[0026] Figure 2 is a simplified schematic of a conventional fluid catalytic':

cracking system 130 having one embodiment of mobile catalyst injection
system 200 coupled thereto. The mobile catalyst injection system 200 is
configured to be easily transportable over great distances thereby enabling the
mobile catalyst injection system 200 to be shipped and coupled to an existing
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and a dispense system discussed further in the enbodinents, described
bel ow, and [9828oupl ebth®ymebilengatalystoinjegionn sypiest e4Q0| miydpfzqcpaiawﬁt/er
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catal yti c cr@okslng sy'Eheammdbi[e. catalyst injection system 200 may optionally include a
controller 206 to control the dispense of catalyst delivered from the catalyst
injection module 210 to the FCC unit 110. The controller 206 may be coupled
to a controller 120 of the fluid catalytic cracking system 130 to coordinate
catalyst injections and exchange data. Alternatively, the controller 206 may
~control the injection of catalyst from the mobile catalyst injection system 200 in
a stand-along configuration. It is also contemplated that the mobile catalyst
injection system 200 may be controlled by the controller 120 of the fluid
catalytic cracking system 130.
[0029] The transportable platform 212 is generally configured to support
the catalyst injection module 210 and associated components. The
transportable platform 212 may be mounted to a foundation 130 at the fluid
catalytic cracking system 130, or be disposed adjacent thereto. The
transportable platform 212 is configured to facilitate shipment of the mobile
catalyst injection system 200 by conventional means, e.g., road, air, sea or rail.
For example in an embodiment depicted in Figure 3, the mobile catalyst
injection system 200 has a transportable platform 212 in the form of a container
300, which allows for rapid delivery of the mobile catalyst injection system 200
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shi p, assenbly and 1 nst al conventional injection system” [0030] Figure 4
depi cts anot nenv@nﬂmml M‘Bﬂ@tlQﬂSwﬁtﬁvbl | e catal yst injection system 400. The
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[0031] Optionally, the trailer 402 may be configured to allow space for a
container 496 of catalyst. The container 496 may be one or more drums,
supersacks,bins, or totes). Thus, the mobile catalyst injection system 400 may
be delivered to a facility with catalyst on-board, thereby ensuring the system
400 is quickly ready for use once integration of the mobile catalyst injection
system 400 with the FCCU is complete.
[0032] The injection module 406 is coupled to the FCC unit 110 by a
conduit 204 as described above and is configured to inject one or more
catalysts into the FCC unit 110 to control processing attributes such as the ratio
of products recovered in a distiller of the FCC unit 110 and/or to control the
emissions from the FCC unit 110. The control module 404 is coupled to the
injection module 406 to control the rates and/or amounts of catalyst provided to
the FCC unit 110 by the injection module 406.
[0033] In one embodiment, the injection module 406 includes a storage
vessel 410 coupled to a metering device 412. The metering device 412 is

typically coupled to the control module 404 so that an amount of catalyst
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kg/ cnR) apparatus 418 that controls the pressure within the storage vessel 410. The
pressure control apparatus 418 generally pressurizes the storage vessel 410 to
about 5 to about 80 pounds per square inch (about 0.35 to about 5.6 kg/cm?)
during dispensing operations. The apparatus 418 intermittently vents the
storage vessel 410 to about atmospheric pressure to accommodate recharging
the vessel 410 with catalyst. The pressure control apparatus 418 may include a
pump or utilize facility air. In one embodiment, the pressure control apparatus
418 includes a pump that may be powered by the generator 498 or electric
power provided by the facility.
[0036] The metering device 412 is coupled to the discharge port 416 to
control the amount of catalyst injected from the storage vessel 410 to the FCC
unit 110. The metering device 412 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 410 for delivery to the FCC unit 110. The metering device 412
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 412 is typically configured to provide about 5 to about 4000
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towar ds the tunit thoin oasterabodinment, therfiuidsoutoe 434 pryvitles airtdteadfoUt80 psi
(about 5.6 kg/cm?). One suitable control valve is described in United States
Patent Application Serial Number 10/304,670, filed November 26, 2002, which
is incorporated by reference in it entirety.
[0038] The injection module 406 may also include one or more sensors
424 for providing a metric suitable for resolving the amount of catalyst passing
through the metering device 412 during each injection of catalyst. The sensors
424 may be configured to detect the level (i.e., volume) of catalyst in the
storage vessel 410, the weight of catalyst in the storage vessel 410, the rate of
catalyst movement through the storage vessel 410, discharge port 416,
metering device 412 and/or catalyst conduit 204 or the like.
[0039] In the embodiment depicted in Figure 4, the sensor 424 is a plurality
of load cells 426 adapted to provide a metric indicative of the weight of catalyst
in the storage vessel 410. The load cells 426 are respectively coupled to a
plurality of legs 436 that supports the storage vessel 410 above the trailer 402.
Each of the legs 436 has one load cell 426 coupled thereto. The control
module 404 receives the outputs of the load cells 426. From sequential data
samples obtained from the load cells 426, the control module 404 may resolve
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devi ce sui tagfg seﬁ%gpniertf}@i ding information fromwhich the |evel or vol une of
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the sensed didfe'Ie%E etplgeﬁodvnof catalyst through one of the components of the catalyst
injection module 406. The flow sensor 430 maybe a contact or non-contact
device and may be mounted to the storage vessel 410, the metering device 412

~or the catalyst conduit 204 coupling the storage vessel 410 to the FCC unit

110. In the embodiment depicted in Figure 4, the flow sensor 430 may be a
sonic flow meter or capacitance device adapted to detect the rate of entrained
particles (i.e., catalyst) moving through the conduit 204.
[0042] The control module 404 generally includes a controller 480 housed
in an enclosure 482 that is suitable for service in hazardous locations. In one
embodiment, the enclosure 482 is fabricated in accordance with NEC 500
Division 1, Class 1, or other similar standard. One suitable control module is
described in previously incorporated United States Patent Application Serial
Number 10/304,670.
[0043] The controller 480 may be any suitable logic device for controlling
the operation of the catalyst injection module 406 and managing data provided
by the sensors 424. In one embodiment, the controller 480 is a programmable
logic controller (PLC), such as those available from GE Fanuc. However, from
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shi pnent (e.g., has |less clearance requiremeénts) and a processing position
screw a lead screw, a Acme screw, a gear motor or other actuator suitable for
changing the orientation of the vessel 506.
[0046] Figure 6 is another embodiment of a mobile catalyst injection -
system 600. The mobile catalyst injection system 600 is similar to the systems
described above, having an injection module 602 coupled to a single mobile
platform 604 with the addition that the injection module 602 includes a plurality
of catalyst storage vessels 610. The mobile catalyst injection system 600
advantageously allows two part catalysts, or more than one catalyst for
controlling different processing attributes, to be provided by a single injection
system, thereby increasing the cost effectiveness of the injection system while
further reducing the time required to bring the catalyst system on-line with an
existing FCCU.
[0047] Figure 7 is a simplified schematic diagram of one embodiment of a
mobile multi-catalyst injection system 700 that may be utilized at least with the
various embodiments of the mobile catalyst injection systems described above.
The mobile injection system 700 includes an injection module 704 coupled to a
mobile platform 702. The injection module 704 generally includes a vessel 710
suitable for independently storing and dispensing catalyst. It is contemplated
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ports 716a and 716b (hereinafter referred to as “discharge ports 716”). Each
compartment 703 is associated with an associated pair of the discharge and fill
ports 716, 714 to isolate the filling, storage and discharge of the catalysts
stored in a respective compartment 703 of the vessel 710. Each discharge port
716 is coupled at the bottom of the vessel 710 to a dispense system 740. As
discussed above, the dispense system 740 controls the amount of catalyst
delivered to the FCC unit 110. In one embodiment, the vessel 710 is suitable
for use in elevated pressdres. '
[0050] In one embodiment, the compartments 703 are separated by at
least one separator 701. The separator 701 is coupled to the bottom of the
vessel 710, separating the discharge ports 716. The separator 701 extends
vertically within the interior of the vessel 710. The separator 701 extends
vertically within the interior of the vessel 710 and is coupled to the side walls of
the vessel 710 to separate the compartments 703. In the embodiment depicted
in Figure 7, the separator 701 does not extend completely to the top of the
vessel 710, such that the plenum 705 is free to communicate across the top of

the separator 701 between the compartments 703, It is also contemplated that



of the storage vessel 710 illustrated in Figure 8, the storage vessel 710 is
typically a metal or other suitable container having téFEBREARY 2007

conpar t mentWO 20¢3188d 703b (hereinafter collectively ref @Ta$2904/037865
"conpartnments 703") for individually stqping a catalyst. The conpartnents
703 share a common pressure plenum 705 positioned at the upper end of the
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dashed line 701”). Configuring the compartments 703 with unequal volume is
particularly suitable for use with two-part catalysts that require séparate
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.

[0052] The dispense system 740 comprises metering devices 712a, 712b
(hereinafter referred to as "metering devices 712"), each coupled to a
respective discharge port 716. In other words, the dispense system 740
comprises one metering device 712 for each compartment 703 of the storage
vessel 710. The metering devices 712 are typically coupled to the control
module 404 so that an amount of catalyst delivered to the conduit 204 may be
monitored or metered bases on a production plan or in response to a real time
need, for example, in response to flag from a process sensor.

[0053] The metering device 712 controls the amount of catalyst injected
from its associated compartment 703 in the storage vessel 710 to the FCC unit
110. The metering device 712 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



[0051] In the enbodinent illustrated, the separator 701 separates the
storage vessel 710 into two separate conpartments 703al4REBBYARY 2¢0t t hose
skilled i n WAROKYOSIRB| | appreciate that the storage vessePCEAF24P4(37§6S
separated into any nunber of conpartnentis 703, as will be illustrated
further herein. In one enbodi ment, the separator 701 has a substantially
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The metering [Slo%\éi ce 7].ﬂgcontrol module 404 is coupled to the mobile injection system 700
to control the rates and/or amounts of catalyst that are delivered by the system
700 into the conduit 204. In one embodiment, the control module 404 is
coupled to the metering devices 712 so that an amount of catalyst delivered to
the conduit 204 may be monitored or metered. One suitable control module is
described in United States Patent Application Serial No. 10/304,670, filed
November 26, 2002, which is incorporated by reference herein in its entirety.
[0057] In one embodiment, the mobile injection system 700 optionally
includes one or more sensors 724 for providing a metric suitable for resolving
the amount of catalyst passing through the metering devices 712 during each
injection of catalyst. The sensors 724 may be configured similar to the sensors
described above.
[0058] In the embodiment depicted in Figure 7, the sensor 724 is a plurality
of load cells 726 adapted to provide a metric indicative of the weight of catalyst
in the compartments 703 of the storage vessel 710. The load cells 726 are
respectively coupled to a plurality of 'Iegs 736 that supports the storage vessel
710 above the platform 702. Each of the legs 736 has one load cell 726



may determ ne the amount of catal yst by weight, volune, tined dispense or by
ot her manners. I n the enbodi ment depicted in Figure 7, MIEBRYARY 2897 devi ces
712 are conWO0i005/@81§28s t hat regul ate the anount of catal y®CTHS20043e885f r om
the storage vessel 710 into the conduit 204 by a tinmed actuation. [0054]
The control valves are coupled to the conduit 204 between a fluid source
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storage vessgaosoy 10 aBgdidifthR! siritel Modide’s BRedtnithafidls dtagastoife paticane
| oad cell 726 14 FEBRUARY 2007

catalyst suited to address a particular system need (e.g., emissions reduction)
may be dispensed from the mobile injection system 700 and released into the
conduit 204, In one embpdiment, several catalysts are dispensed
simultaneously from a single injéction system 700 and released into the conduit
204, Thus, the number of total storage vessels 710 for containing catalysts
may be reduced, and the mobile injéction system 700 may be adapted to
operate more efficiently with minimal system modifications. Moreover, the
mobile injection system 700 is particularly suitable for efficiently dispensing
multi-part catalysts (i.e., catalysts having different parts injected separately into
the FCC unit 110).

[0061] Figure 9 depicts a sectional view of another embodiment of a
injection module 900 that is suitable for use in a mobile multi-catalyst injection
system such as those described above. The injection module 900 is similar to
the module 704 depicted in Figures 7 and 8, and comprises a storage vessel
901, a separator 902 and a pluraiity of compartments. In the embodiment
illustrated, the storage vessel 901 is separated into three compartments 904a,

904b and 904c (hereinafter collectively referred to as “compartments 904") by



WD 2005/ 051528 PCT[ US2004/ 037865 14 coupled thereto. The control nodul e 404
receives the outputs of the load cells 726. From sequéffERRUARYA0¢np| es
obt ai ned frYM200MOSIP8d cells 726, the control nodul e 404 PEAJUS2@04HBTBES t he
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em ssions redyageooP6 dreyspaeedits BRide the storagdvedsed00e ihd csthpatmeyits 804 700
and released infto the conduit 204. I n one enbodi nent sever?}l catal ysts are

di spensed  siofdiftesaRlbvailnes (ghindisated by dashaq ling 9969t Mhryighhe seprEaterd
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cont ai ni ng catal ysts y reduce bil'e I n“ection system

may be adapt énlthe arowil appreciate tbat thei sepdratori 902 mayi cainpsigs tatty number of
nodi ficationg, Mre r,.the. .mobile inpection syst 700 i articularly
sui table for ?IQPQ?%i gﬁz yfoai ?B’éﬁ[@)ﬁ; nb"e n%}ﬁqgepa\ﬁssézt gﬁls{rgo( %ng ,nhg&eél f)’tt S
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Figure 9 depicts a sectignal view of another enbodinent of a _injection
nmodul e 900 t KaMpastmentsaBPd may bse skbstantialy 1aauall ef -ﬁféﬁ%%ﬂsﬂn i Riedetinesh

b oo " ARG R E" CORRIAGCHS cEifaOhERS, S0P, Bndiy SoBivE 18" ©°
901, a separ gadicully auitableplfor alide ywitt twonpait t oatatysts | that reqeire odepanate
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 904 may be kept empty to provide an on-line emergency
injection system read for loading catalyst for satisfying unplanned changes in
processing requirements, thereby enabling the refiner to quickly take advantage
~ of market conditions or environmental issues, such as changes in emissions
due to equipment failure or variation in the composition of oil feed stock.
[0062] Figure 10 depicts a sectional view of another embodiment of a multi-
catalyst injection system 1000. The mobile multi-catalyst injection system 1000
includes an injection module 1040 coupled to a transportable platform 1042.
The injection module 1040 is similar to the module 704 described above and
comprises a storage vessel 1001, an adjustable separator 1002 and one or
more compartments 1004. In the embodiment illustrated, a storage vessel
1001 is separated into three compartments 1004a, 1004b and 1004c
(hereinafter collectively referred to as “compartments 1004") by the adjustable

separator 1002. Each of the three compartments 1004 is further associated



il lustrated, the storage vessel 901 is separated into three conpartnents
904a, 904b and 904c (hereinafter collectively referred“lFEBBtEAggéP&?artrrents
904") by 14WPEBRSR?282007 WD 2005/ 051528 PCT/ US2004/ 037 8®ETAR2004/087865
separator 902. The separator 902 conprisqg three flanges 906a, 906b and
906¢c (hereinafter referred to as "flanges 906") that divide the storage
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systens where e ant i | yst is used rel ative anot her,

but the totalC Q%Eﬂ’%ﬁfﬂ %ut&r’h %)/ggtl dJHé%ga desirable to share a conmon
injection sygpeed) WRyREVE! is @nﬁd@fwé\hebf aTReaiddMEent %@4h€&ﬁn¢@ 108pt ERBtY
to provide an on-line energ njection systemread for |oading catalyst

for satisfyi rtgngmapaﬂneeluéﬁar@ﬁgst|e}'ﬁms%&&% icRyPlesyta Adirehege of tae él@g\ges
enabling the SGBéESHdtQ s‘éh&bﬁ&'élﬁﬁ%‘ﬁ? 13842 @Ed 187 a Hsﬁg SRDF thOMEngE

envi ronnent al anges I n em'ssions o equl pnent a| |l ure
or variation BGGb):eThentaiemetnt@rHGQ d»i104ﬁrmiddstaoplural[t@@ﬁzmteﬁegumg dertlepsct s

Sogect honel eH late RSl s SAHOTIAE BaeShol R TS ol LR e
nodul e 1040 qpiRighdat RoR N 20SRPiedbineo td‘rD'UfﬁbéQ‘lﬁace THe10 rioBplddoro TREul e
1040 is simlar to the nodul e 704 described above and
sidewalls of the vessel 1001 and engages a hole 1112 formed in the bottom of
the vessel 1001. The brace 1110 and the hole 1112 retain the rod 1108 in an
orientation that allows the flanges 1006, retained by the elements 1102, 1104,
to freely rotate around the rod 1108.
[0065] The movable flanges 1006 are fixed in orientation by a locking
mechanism 1140. In one embodiment, one locking mechanism 1140 is coupled
to each edge 1142 of the flanges 1006 adjacent the sidewall of the vessel
1001. The locking mechanism 1140 is generally adapted to releasably engage
the sidewall of the vessel 1001 in a manner that prevents rotation of the flange
1006. Alternatively, the locking mechanism 1140 may be disposed in another
location within the vessel 1001, and configured to secure the relative position of
the flanges 1006. For example, a locking mechanism may be configured to
bind the hinge 1010 or be in the form of a brace (not shown) disposed between
two or more of the flanges.
[0066] Figure 12 depicts one embodiment of the locking mechanism 1140 that
may be utilized to fix the orientation of the flanges 1002 within the vessel 1001.

In the embodiment depicted in Figure 12, the locking mechanism 1140



conprises a storage vessel 1001, an adjustable separator 1002 and one or
nore conpartnents 1004. In the enbodi nent illustrated, & FEBRUARY ¢¢ssel
1001 i s sepWOa208%0515280 t hree conpartnents 1004a, 1004b andCIMB2004/037865
(hereinafter collectively referred to as j3conpartnents 1004") by the

adj ustabl e separator 1002. Each of the three conpartnents 1004 is further
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engage the si € vess in a’nanner revents ro
of the flangd006 and the vessel 1001. Examples of suitable seals 1020 include gaskets

and brushes. The seal 1150 may be disposed on one or both sides of the
flanges 1006. /

[oo68] Referring additionally to the partial sectional view of Figure 13, the seal
1150 is generally includes a sealing element 1310 coupled at a first edge 1302
to a mounting flange 1304. The mounting flange 1304 is coupled to the flange
1006a in a position that allows a second edge 1306 of the seal 1150 to extend
beyond the edge 1142 of the flange 1006 and engage the walls of the vessel
1001. The second edge 1306 of the seal 1150 is generally configured to allow
the flange 1006 to move relative the vessel 1001 while substantially preventing
catalyst from passing between compartments through the gap defined between
the edge 1142 of the flange 1006 and the vessel 1001. In the embodiment
depicted in Figure 13, the seal 1150 is a brush having its first edge 1302
crimped or otherwise fixed in the mounting flange 1304. The mounting flange
1304 is riveted or otherwise secured to the flange 1006. Although not shown in
Figure 13, it is contemplated that the seal 1150 extends substantially along the
entire edge of the flange 1006 disposed adjacent the walls and bottom of the
vessel 1001.



1006. Alternatively, the |ocking nechanism 1140 may be di sposed _jn_anot her
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position of W&H885188ges 1006. For exanpl e, a | ocki ng mecPETVERIHDI7868
configured to bind the hinge 1010 or bejign the formof a brace (not shown)
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fl anges 1006. 0068d Referring additionally to the partial sectional view of
Figure 13, tf?é“'?@ﬁ? * 1150 is generally includes a sealing el ement 1310

coupled at a ha7apt edyeghile3deregoihg? iSiirictatD té |tABIBretddd dimBolmmaNt B0 thé ange

1304 is coupled to the flange 1006a in a position that allows a second edge
1306 of the dJwesentimyeptionypthar 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.



beyond the edge 1142 of the flange 1006 and engage the walls of the vessel
1001. The second edge 1306 of the seal 1150 is generaJF@F%ﬁﬁﬁﬁﬁmy@a to all ow
the flange 1006 to nove rel ative the vessel 1001 while substantially
preventing catalyst from passing between9conpartnents through the gap
defined between the edge 1142 of the flange 1006 and the vessel 1001. In

t he enbodHRTHS CERIMEDIIS:0 Figure 13, the seal 1150 is a brush having its
first edge 1302 crinped or otherwise fixed in the nounting flange 1304. The
mounting flange 1304 is riveted or otherw se secured to the flange 1006.

Al though ot shown in ARheBilE cafalyst injeGtionosistem icahfstisingpt the seal 1150
extends substantially along the ‘entire eddge of the flange 1006 di sposed

adj acent the waltranspodtable platfoon; t he vessel 1001. 14 FEBRUARY 2007 WO

cepar at or 100 eg/aust o cheet 815k aaltim ¥ aaBEf B GhyBles e

storage vegmshlid & st REfckhtgronittamnt s 1004 of  substantially equal vol une,
or the flanges 100 ma¥ be noved to spacing to divide the storage vessel
e

1001 into at | @dfaw opptrebdevice onpled ottleh off thecieservaln angk adapledtough t he

separ at or Bl ' ' ' icted as having three novable
flanges 1 gggkﬁﬁ'ss@&sf%\aﬁf‘gysfﬁﬂ’% g‘rﬁlg'ﬁ%p%gtgpreci ate that the separator
1002 may conprise any nunber of novable flanges 1002, for dividing the
storage vessel 1001 into any nunber of conpartments 1004. [0070] Thus, the
present im@vention repr &befystem of glaimils wherein fae platiasm is@ trailes. fi el d of
fluid catalytic cracking systens. A nobile injection system having a

storage vessel for process catalysts that is capable of dispensing two or

more cat @ ysts, eitheTheeysterhef glaim 15 wheréintke pidtiornf is@centainegl e system
is highly advantageous. Mreover, as the nobile injection system may be
qui ckly brought on-line with a running FCCU, fast and efficient process

{1 exibi | ity enhanced. ThaQTHoraF bRirheY, WRel the pilifoiif 8% felrddifod of er  od

enbodi nent "of the present "I nvention, r an urther enbodi ments of the
invention may be devised wthout departing fromthe basic scope thereof,

288# he S(‘S(?pe thereof The s?/g{e% o gl%?mbly wtimré?eiﬁltﬁé gfat}opr%t isfaogl)él%\@{' 14 FEBRUARY
6. The system of claim 1, wherein the platform is a barge.

7. The system of claim 1 further comprising:
a generator coupled to the platform.

8. The system of claim 1 further comprising:
a controller coupled to the platform and the flow control device for
controlling the catalyst dispensed from the catalyst reservoir.

9. _ ~ The system of claim 1 further comprising:
a pressure control system coupled to the platform and the catalyst
reservoir for controlling pressure with in the catalyst reservoir.



19 WHAT IS CLAIMED IS: 1. A nobile catalyst injection sxsten1co rising: a
transportable platform a catalyst reservoir coupled td Fﬁ%R$¢%?BWFn1and
adapted to be coupled to an fluid catalyst cracking unit; and a fl ow
control device coupled to an outlet of tip reservoir and adapted to control
the flow of catalyst through the outlet port. 2. The systemof claim]1,
wherein the platformis a trailer. 3. The systemof claim1, wherein the

latformi tainer. 4. T temof, claim1, wh the platformi
 railroadtar. 5. The URWAER SF gain: 1. AR heCSHAlSt Jereoaial | of

6. The syshsyamé rélbfivdtdthehatsim. the platformis a barge. 7. The system of
claim1 further conprising: a generator coupled to the platform 8. The

systemof claim1l further conprising: a controller coupled to the platform
and the flgw control deyice for .controll-ing the catalyst dispensed ftromthe
catal yst reservoir. Q.Wesy&%'f'e%c 'mcfh"'#nef% cPMRTizee %ﬁﬁf’ﬁ@i‘ﬁg‘.’? cf)lisessure
control ?yﬁﬁﬁdgéa%&%%ttﬁehb&lﬁét%éﬁﬂk%ﬂdthé%léi‘féin%'.ySt reservoir for
controlling pressure with in the catal yst reservoir. 14 FEBRUARY 2007 20

10. The systemof claim1l, wherein the catalyst reservoir is novable
relative tg,the platform 11. Thg s [ r . ri si a
plurality @f | oad cells di spos%%gﬁg@nﬁﬂéﬂﬁgﬁgi\?éfcb&‘?é'ls&w sgﬁg&[ghe
platform gdhaptddi@o Systeeimaometri@iindidative oh eatalpstpdispensed fropnthe catdgst ed to
detect a netric indicative of catalyst dispensed fromthe catalyst

reservoi r .regevoirthe system of claim31, wherein the catalyst reservoir further
conprises: a plurality of conpartnents; and a plenum di sposed in the
catal yst reservoir and coupling the

13. The system of claim 1, wherein the catalyst reservoir further
comprises:

a plurality of compartments; and

a plenum disposed in the catalyst reservoir and coupling the
compartments.

14. The system of claim 13, wherein at least two of the plurality of

compartments are substantially equal in volume.

15. The system of claim 13, wherein at least two of the plurality of
compartments are substantially unequal in volume.

16. " The system of claim 13, wherein at least one of the plurality of
compartments has an adjustable volume.

17. The system of claim 1 further comprising a second catalyst
reservoir coupled to the platform and adapted to be coupled to the fluid catalyst
cracking unit.



conpartments. 14. The systemof claim 13, wherein at |east two of {he
pIEPaIity of conpartne%ts are substantially equal in JﬁFEﬁéHAﬁg?m%he system
of claim 13, wherein at least two of the plurality of conpartnents are
substantially unequal in volume. 16. The2gystem of claim 13, wherein at

| east one of the plurality of conpartnents has an adjustable vol une. 17.

The systemof claiml further conprising a second catalyst reservoir

coupled tg the platformand adapted to he coupled to the fluid catalyst
cracking uft. 14 FEBRUARY 2007 ’de'%a?aqﬁx’yﬁ%%cﬁ%a?b’ﬁﬁ%@'i‘\ﬁ’f’é@gion system

conprising: agfaidrer; a catalyst reservoir coupled to the trailer and the
adapted to be coupled to an fluid catalyst cracking unit; a pressure
control syst emacatplystireservoie couplet do thantraitartand,/the adapted 40 be cauptgshter at or
coupled to t#e prfajs%re ontrolt_ system and a flow control device coupled to
an out | et B¥Myid SafAlst,crackind YA, qapted to control the flow of catal yst

through the outd glesB@rd cortfbl sYBRNF ¥SUFEY B tHe Raildrhd d4takst rskehwicat al yst

reservoir further conprises: a plurality of conpartnments; and a pl enum
di sposed in thea gan%ratas'thuammﬁe paessure gpnirelsyistem; aadmpar t ments. 20. The

has an adj ust abh BoVHST 9By Re-orlRie REFp Suub{ G feiRebidlr 8ho cBRLIG:
second cat@ntrdl thechidh o cataly@t thredgh thé betletipdif or m and the pressure control
system 22. A nobile catalyst injection systemconprising: a container; a

catal yst reservoir coupled to the container and adapted to be coupled to an
fluid cat a{g)’ st cracki ngl'l’r'@'sglétem of claim 18, wherein the catalyst reservoir further

comprises:
a plurality of compartments; and
a plenum disposed in the catalyst reservoir and coupling the

compartments.

20. The system of claim 19,\§Nherein at least one of the plurality of

compartments has an adjustable volume.

21. The system of claim 18 further comprising:
a second catalyst reservoir coupled to the platform and the pressure

control system.

22, A mobile catalyst injection system comprising:

a container;

a catalyst reservoir coupled to the container and adapted to be coupled to
an fluid catalyst cracking unit;

a pressure control system coupled to the trailer and the catalyst reservoir;

a generator coupled to the pressure control system; and

a flow control device coupled to an outlet of the reservoir and adapted to
control the flow of catalyst through the outlet port.



a pressure control systemcoupled to the trailer and the catal yst reservoir;
a generator coupled to the pressure control system and EERRRRC W r o
device coupled to an outlet of the reservoir and adapted to control the
flow of catal yst through the outlet port 2214 FEBRUARY 2007 22 23. The
system of claim 22, wherein the catal yst reservoir further conprises: a
plurality of conpartnents; and a plenum di sposed in the catal yst reservoir
and coupling the conpartnents. 24. The system of claim23, wherein at |east
one of th@3plurality ofl hecaYam ReRlBYN & Whieraln the: eaiplyst sesameoir Sythernhe
systen1ofcg }ghgz further conprising: a second catal yst reservoir coupled
to the plattdormand the pressure control system 26. A nethod for process
control in a flayldratiy of gadmpartmeatsgiand system conprising: processing oil in

a fluid catal ytic cracki system havi ng pne or __nore har i ped catal ytic
i nj ection syst @rrsl?lef‘Pﬁhng'Pf’gﬂ‘% & nz}ﬂﬁl ga%é\fsél >;g§er;vmrecqqc€ngp g ey o
catal ytic (:Iﬁhﬂfdﬂn%tssySt en coupling the nobile catalyst injection to the

fluid catalytic cracking system and injecting catalyst fromthe nobile
catalyst injection into the fluid catalytic cracking system 27. The nethod

f clai 6, wh int t f d ting.f h ' ' th
mobi | o caich yat §nj ect 10 SRR 23cuberain Bt ISt ok O he RiuralBiot! oi

14 FEBRUA@gnﬁ%Q@ne ha3- anl AdiusBRbGolgfnec! ai m 26 further conpri sing:
i dentifying neecﬁ?or a cgiﬁal yst needed in addition to catal ysts being
di spensed by the one or nore hard piped catalytic injection systens.

25. The system of claim 22 further comprising:
a second catalyst reservoir coupled to the platform and the pressure

control system.

26. A method for process control in a fluid catalytic |
cracking system, comprising:

processing oil in a fiuid catalytic cracking system having one or
more hard piped catalytic injection systems;

transporting a mobile catalyst injection to the fluid catalytic cracking
system,;

coupling the mobile catalyst injection to the fluid catalytic cracking system;
and

injecting catalyst from the mobile catalyst injection into the fluid catalytic
cracking system.

27. ~ The method of claim 26, wherein the step of transporting further
comprises moving the mobile catalyst injection system by at least one of road,
land, sea or air.



29. _ The nmethod of claim 28, wherein the step of transporting is in
response to the identified need. 30. The method of cl al#FEBRUGREIU L t he
step of injecting occurs wthin at least 1 hour after the conpletion of the
transporting step. 31. The nethod of claiygn 26 further conprising: storing
catalyst in a first conpartnment of the injection system and storing
catalyst in a second conpartnent of the injection system 32. The nethod of

claim31l further conprisin dj psti n rati o of volume between the first
and secondi%orrpart ment ﬁ%’g@ﬁ‘édé“trfé?'ﬁbgs&f&bﬁ'é‘i%‘%ff'%rt her conpri sing
pressurizing a idéhﬁi‘?m BORBE fbP al Batalyst Slected meadafion O aafalRts beinyt: The
met hod of claim 31, erein the step of injecting further conprises:

di spensi ngdispensesshy theooneoampse bard piped oadalylis injaatiomsyBteniswo r especti ve
conmpartments. 35. The nethod of claim 31, wherein the step of injecting
further conprises: dispensing at |east two catal ysts sequentially fromthe
two respecggve conpartTréetisethod of claim 28, wherein the step of transporting is in

response to the identified need.

30. The method of claim 29, wherein the step of injecting occurs
within at least 1 hour after the completion of the transporting step.

31. The method of claim 26 further comprising:
storing catalyst in a first compartment of the injection system; and

storing catalyst in a second compartment of the injection system.

32. The method of claim 31 further comprising adjusting a ratio of

volume between the first and second compartments.

33. The method of claim 31 further comprising pressurizing a

plenum common to the first and second compartments.

34, The method of claim 31, wherein the step of injecting further
comprises:
dispensing at least two catalysts simultaneously from the two respective

compartments.

35. The method of claim 31, wherein the step of injecting further
comprises:
dispensing at least two catalysts sequentially from the two respective

compartments.





