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to a transportable (i.e., nobile) fluid cracking
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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 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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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 quiclkly 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.



stationed online as a precaution agai nst any
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syst em whi ch enhances process flexibility. SUMVARY OF
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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;



drawings illustrate only typical enbodi nents of this
i nvention and are therefore not to be consi dered
wo 2eoso51ses of its scope, for the invention nay BCMUS2000037865
ot her equally effective enbodi nents. [0012] Figure 1
is a sinplified schematic of one enbodi nent of a
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- r ide views of another enbodi nent of a nobile
%%Cgpgsﬁ%sféﬁﬁ’ecti on system [oo |7] Figure 6 is a side
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the nobi'l e nulti-catal yst injection system of
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Injection system of Figure 10; [0023] Figure is a
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[Tl?g’ﬂ@]m %Y% Fﬁ)éﬁo % €% andi ng, identi cal
[oebAr encerigureeral & %av,@cﬂnﬁ@n WeRdof WAEr émpegFrhéhCof t0injection
designate rdentical elenents that are conmon to the
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 FigL/lre 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 catalytié:
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



figures. DETAILED DESCRI PTION [0026] Figure 2 is a
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[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



catal ytic cracking system 130. [0029] The
transportable platform 212 is generally configured to
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[0032] The injection monuIe 406 |sycoupled to they 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



be delivered to a facility wth catal yst on-board,
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system 400 with the FCCU is conplete. [0032] The
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[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



about 5 to about 80 pounds per square inch (about 0.35

to about 5.6 kg/cm 2) during di spensing operations.
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[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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oo#2]ne ofTIaatcahgrgt meidefso4e4 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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EHQ@ﬁt@g@éuél?abllé\ﬁsl W3 aitB 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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[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



[0048] Referring simultaneously to Figure 7 and the
cross-sectional view of the storage vessel 710
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epmpriees one metering device 712 for each compartment 7OBeof 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



conpartnments 703. [0051] n the enbodinent illustrated,
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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 legs 736 that supports the storage vessel
710 above the platform 702. Each of the legs 736 has one load cell 726
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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 plurality 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



of load cells 726 adapted to provide a netric
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cells 726 are respectively coupled to a plurality of
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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



[0061] Figure 9 depicts a sectional view of another
enbodi nent of a injection nodule 900 that is suitable
wo 20050528 n a nobile nmulti-catal yst injection BYBEUS2W04/037865
such as those described above. The injection nodule
900 is simlar to the nodule 704 depicted in Figures 7
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GRRRRRNAINLERESHsRBF 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.

[0o66] 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



due to equi pnent failure or variation in the

conposition of oil feed stock. [0062] Figure 10
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bgﬁorﬁi gieeatige H022 30the flande 460§ art angage danaHlaeofrtbd 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.
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flanges 1 006. [0068] Referring additionally to the
partial sectional view of Figure 13, the seal 1150 is
w@eesnslsky i ncl udes a sealing el enent 1310 coupdBUSZEN4/637865
first edge 1302 to a nmounting flange 304. The nounting
flange 1304 is coupled to the flange 1006a in a
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vol umes. t hough the separator 1002 illustrated in

Figure 10 is depicted as having three novable fl anges
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a controller coupled to the platform and 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.

10.  The system of claim 1, wherein the catalyst reservoir is movable relative

to the platform.



[0071] Wiile foregoing is directed to the preferred

enbodi nent of the present invention, other and further
weedsasrsesit s of the invention may be devi sed wWe€TO81004/037865

departing fromthe basic scope thereof, and the scope

thereof is determ ned by the clains that foIIovv.V\hat
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wherein the platformis a container. 4. The system of
claim, wherein the platformis a railroad car. 5. The

shdst erhhef systemmf claihet e\ivherteliretrm catblystrasereoiphlrthetr cofmprises:
The syst ein the platformis a barge.
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gener af oplepanp! €dpbeed hen PRl f eatalys8. rérst@,eveWSfaﬂm Qfoupnng the
claiml further conprising: a controller coupledt

tOREATHAERSm and 1 ow control device for controlli ng

-the catal yst di spensed fromthe catal yst reservoir. 9.
The systemof claim 1 further conprising: a pressure
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oy TBbngvaleRi Tl JC. | bRarae| b lanshe88q obchaealralty of
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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. ‘

18. A mobile catalyst injection system comprising:

a trailer;

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

a pressure control system coupled to the trailer and 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.

19.  The system of claim 18, wherein the catalyst reservoir further comprises:



a pl enum di sposed in the catalyst reservoir and

coupling the conpartnents. 14. The system of claim 13,
wob@sesrsat | east two of the plurality of conpRCT/DE2008£037865

are substantially equal in volume. 15. The system of

claim 13, wherein at least two of the plurality of

conpartnen re substantially unequal in volune. 16.
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the outlet port.”. The syste claim, wherein the
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conpartnents; and a pl enum di sposed in the catal yst
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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.

23. The system of claim 22, wherein the catalyst reservoir further comprises:
a plurality of compartments; and
a plenum disposed in the catalyst reservoir and coupling the

compartments.

24.  The system of claim 23, wherein at least one of the plurality of

compartments has an adjustable volume.

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

system.

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

comprising:
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system coupled to the trailer and catal yst reservoir;
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and a flow control device coupled to an outlet of the
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29. The method 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.
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compartments.



