
WO 2008/021774 PCT1US2007/075240 VACUUM POWERED ADDITION SYSTEM  Field of
the Invention [0001] Embodiments of the invention generally relate to a
fluid catalytic  cracking system, and more specifically to an addition
system suitable for use in  a fluid catalytic cracking system. Description
of the Related Art [0002] Figure 1 is a simplified schematic of a
conventional fluid catalytic  cracking system 130. The fluid catalytic
cracking system 130 generally includes  a fluid catalytic cracking (FCC)
unit 110 coupled to a catalyst injection system  100, a petroleum feed stock
source 104, an exhaust system 114 and a  distillation system 116. One or
more catalysts from the catalyst injection system  100 and petroleum from
the petroleum feed stock source 104 are delivered to  the FCC unit 110. The
petroleum and catalysts are reacted in the FCC unit 110  to produce a vapor
that is collected and separated into various petrochemical  products in the
distillation system 116. The exhaust system 114 is coupled to  the FCC unit
110 and is adapted to control and/or monitor the exhausted by- products of
the fluid cracking process. [0003] The FCC unit 110 includes a regenerator
150 and a reactor 152.  The reactor 152 primarily houses the catalytic
cracking reaction of the  petroleum feed stock and delivers the cracked
product in vapor form to the  distillation system 116. Spent catalyst from
the cracking reaction is transferred  from the reactor 152 to the
regenerator 150 where the catalyst is rejuvenated by  removing coke and
other materials. The rejuvenated catalyst is reintroduced  into the reactor
152 to continue the petroleum cracking process. By-products  from the
catalyst rejuvenation are exhausted from the regenerator 150 through  an
effluent stack of the exhaust system 114. [0004] The catalyst injection
system 100 maintains a continuous or semi- continuous addition of fresh
catalyst to the catalyst inventory circulating  between the regenerator 150
and the reactor 152. The catalyst injection system  100 includes a main
catalyst source 102 and one or more additive sources 106. WO 2008/021774
PCT/US2007/075240  



The main catalyst source 102 and the additive source 106 are coupled to the
FCC unit 110 by a process line 122. A fluid source, such as a blower or air
compressor 106, is coupled to the process line 122 and provides pressurized
fluid, such as air, that is utilized to carry the various powdered catalysts
from the  sources 102, 106 through the process line 122 and into the FCC
unit 110.  [0005] One or more controllers 120 is/are utilized to control the
amounts of  catalysts and additives utilized in the FCC unit 110. Typically,
different additives  are provided to the FCC unit 110 to control the ratio
of product types recovered  in the distillation system 116 (i.e., for
example, more LPG than gasoline) and to  control the composition of
emissions passing through the exhaust system 114,  among other process
control attributes. As the controller 120 is generally  positioned proximate
the catalyst sources 106, 102 and the FCC unit 110, the  controller 120 is
typically housed in an explosion-proof enclosure to prevent  spark ignition
of gases which may potentially exist on the exterior of the  enclosure in a
petroleum processing environment. [0006] In order to facilitate efficient
operation of the FCC unit, the catalyst  storage vessel at the refinery must
be continually monitored to ensure an  adequate amount of catalyst is
readily available. Moreover, as conventional  injection systems are
hard-mounted to the FCC unit, refiners have little flexibility  for
expanding the number of catalysts that may be injected. For example, if a
new catalyst is to be utilized, one injection system must be emptied of
catalyst  currently staged for delivery to the FCC unit in a storage vessel
to facilitate  switching to the new catalyst. Thus, conventional addition
systems provide little  inventory control or flexibility for adding and/or
changing catalysts. [0007] Furthermore, refiners may periodically replenish
fines in the FCC  unit using an emptied catalyst injection system presently
coupled to the FCC  unit to replenish the concentration of fines in the
system with new (e.g., unused)  fines provided by a catalyst vendor. This
method is cumbersome for refiners, as  an empty catalyst injection system is
not always available, and the process  operation may be temporarily
disoptimized while fines instead of catalyst are in  the injection system.
[0008] Since the types of catalysts utilized and concentration of fines  



directly effect process stability of the FCC unit, conventional addition
systems  2 WO 2008/021774 PCT/US2007/075240  may not be able to maintain the
FCC unit at its optimal operating limits. As the  FCC unit is a major profit
center in most refineries, a great deal of time and  investment is made by
refineries to ensure that the FCC unit is always operating  against its
operating limits, thereby maximizing profitability. Anything that forces
the operation of the FCC unit away from these limits reduces profitability
to the  detriment of the refiner. Thus, it would be highly desirable to
stabilize the FCC  operation by ensuring the continuous circulation of
catalyst within the FCC unit,  thus maintaining the dynamic balance of
catalyst in the FCC unit. [0009] Therefore, there is a need for an improved
addition system.  SUMMARY OF THE INVENTION [0010] An addition apparatus, a
fluid catalytic cracking (FCC) system  having an addition apparatus, and a
method for adding material to an FCC unit  are provided. In one embodiment,
an addition system for an FCC unit includes  a container, a first eductor
and a sensor. The eductor is coupled to an outlet of  the container. The
sensor is configured to detect a metric of material dispensed  from the
container through the eductor. A valve is provided for controlling the  flow
through the eductor. A controller is coupled to the sensor and valve. The
controller provides a control signal for regulating an operational state of
the  valve. [0011] In another embodiment, an FCC system having addition
system is  provided. The FCC system includes an FCC unit, a first eductor
and a sensor.  The FCC unit has a reactor and a regenerator. The first
eductor has a material  outlet coupled to the FCC unit. The sensor is
configured to detect a metric of  material dispensed to the FCC unit through
the eductor. A valve is provided for  controlling flow through the eductor.
A controller is coupled to the sensor and  valve. The controller provides a
control signal for regulating an operational  state of the valve. [0012] In
yet another embodiment, an addition system for an FCC unit  includes a first
container having a vent port, a fill port and an outlet, a second  



container having a vent port, a fill port and an outlet, a first eductor
coupled to  the outlet of the container, a first sensor configured to detect
a metric of material  dispensed through the eductor from the first
container, a second sensor  3 WO 2008/021774 PCT/U52007/075240  configured
to detect a metric of material dispensed from the second container, a  valve
controlling flow through the eductor from at least one of the containers,
and a controller coupled to the first sensor and valve, the controller
configured  to provide a control signal for regulating an operational state
of the valve. [0013] In yet another embodiment, an FCC system having
addition system  includes an FCC unit having a reactor and a regenerator, a
plurality of low  pressure vessels, at least one eductor having a material
inlet coupled to at least  one of the vessels and having a material outlet
coupled to the FCC unit, a  sensor configured to detect a metric of material
dispensed to the FCC unit  through the eductor, a valve controlling flow
through the eductor, and a  controller coupled to the sensor and valve, the
controller providing a control  signal for regulating an operational state
of the valve. [0014] In yet another embodiment, a method includes providing
a vessel  containing a material under low pressure, moving the material
through an  eductor to the FCC unit, and determining an amount of material
dispensed from  the vessel through the eductor. [0015] In still another
embodiment, a method for adding material to an FCC  unit includes providing
a plurality of vessels maintained at low or atmospheric  pressure coupled to
a selection system, actuating the selection system to  selectively couple
one of the plurality of vessels to the FCC unit, and activating  an eductor
to pull material from the selected vessel through the eductor to the  FCC
unit. [0016] In still another embodiment, a method for adding material to an
FCC  unit includes selectively coupling one or more of a plurality of
vessels  maintained at or near atmospheric pressure to one or more eductors,
transferring additives from the selected vessel or vessels to the FCC
through  the one or more eductors, and determining an amount of additives
transferred  



by a change in weight of the vessel. DESCRIPTION OF THE DRAWINGS [0017] So
that the manner in which the above recited features 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  4 WO
2008/021774 PCT/US2007/075240  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. [0018] Figure 1
is a simplified schematic view of a conventional fluid  catalytic cracking
(FCC) system; [0019] Figure 2 is a simplified schematic diagram of an
addition system in  accordance with one embodiment of the present invention
suitable for use with  an FCC system; [0020] Figure 3 is an enlarged partial
elevation of a bottom section of a  storage vessel of the addition system of
Figure 2; [0021] Figures 4A-B are schematic diagrams of alternative
embodiments of  a transfer controller that may be utilized in the injection
system of Figure 2;  [0022] Figure 5 is a simplified schematic diagram of
another embodiment  of an addition system in accordance with the present
invention suitable for use  with an FCC system; [0023] Figure 6 is a
simplified schematic diagram of another embodiment  of an addition system in
accordance with the present invention suitable for use  with an FCC system;
[0024] Figures 7A-B are simplified schematic diagrams of alternative
embodiments of transfer controllers for the addition system of Figure 6; and
[0025] Figure 8 is a simplified schematic diagram of another embodiment  of
an addition system in accordance with the present invention suitable for use
with an FCC system. 



[0026] To facilitate understanding, identical reference numerals have been
used, wherever possible, to designate identical elements that are common to
the figures. It is contemplated that features from any one embodiment may be
beneficially incorporated in other embodiments without additional
recitation.  DETAILED DESCRIPTION [0027] The invention generally provides an
addition system suitable for use  in a fluid catalytic cracking (FCC) system
and a method of using the same.  5 WO 2008/021774 PCT/11S2007/075240
Embodiments of the addition system may be utilized to inject one or more
additives into an FCC unit. The additives may be catalyst, catalyst
additives  and/or fines. Some catalysts are utilized to drive the cracking
reaction, others to  control the distribution of product, while others to
control emissions. For  example, some common catalysts are at least one of
Y-Zeolite containing  catalyst, ZSM-5 containing catalyst, NOx reduction
catalyst and SOx reduction  catalyst, among others. Advantageously, the
invention also facilitates tracking of  the catalyst inventory along with
providing the refiner with increased flexibility in  selecting among variety
of catalyst types with little or no disruption to the  operation of the FCC
system. [0028] Figure 2 is a simplified schematic of a fluid catalytic
cracking system  250 having one embodiment of an addition system 200 of the
present invention.  The fluid catalytic cracking system 250 generally
includes a fluid catalytic  cracking (FCC) unit 110 coupled to the addition
system 200, a feed stock  source 104, a distiller 116 and a controller 106.
One or more catalysts from the  addition system 200 and petroleum from the
petroleum feed stock source 104  are delivered to the FCC unit 110. The
petroleum and catalyst are reacted in  the FCC unit 110 to produce a vapor
that is collected and separated to various  petrochemical products in the
distillation system 116. [0029] The FCC unit 110 includes a regenerator and
a reactor, as known in  the art. The reactor primarily houses the catalytic
cracking reaction of the  petroleum feed stock source and delivers the
cracked product in vapor form to  the distillation system 116. Spent
catalyst from the cracking reaction is  



transferred from the reactor to the regenerator, where the catalyst is
rejuvenated by removing coke and other materials. The rejuvenated catalyst
is  reintroduced into the reactor to continue the petroleum cracking
process. By- products from the catalyst rejuvenation process are exhausted
from the  regenerator through an effluent stack. [0030] The injection system
200 maintains a semi-continuous addition of  fresh catalyst to the catalyst
inventory circulating in the FCC unit 110. The  addition system 200 includes
a container 202, a sensor 204 and a transfer  controller 208. The sensor 204
and the transfer controller 208 are coupled to  6 WO 2008/021774
PCT/IIS2007/075240  the controller 206 so that the delivery of additives to
the FCC unit 110 may be  regulated. [0031] The sensor 204 provides a metric
indicative of an amount of catalyst  transferred from the container 202 to
the FCC unit 110 through the transfer  controller 208. The metric may be in
the form of level, volume and/or weight.  For example, the sensor 204 may
provide a metric indicative of the weight of the  additives in the container
202. Sequential weight information may be utilized to  determine the amount
of additives dispensed from the container 202. In  another embodiment, the
sensor 204 may provide a metric indicative of the  volume of additives in
the container 202. In yet another embodiment, the  sensor 204 may provide a
metric indicative of the additives passing through a  hose 228 connecting
the container 202 to the transfer controller 208. [0032] In the embodiment
depicted in Figure 2, the sensor 204 is a weight  measuring device.
Information regarding the weight of the container is obtained  by the sensor
204 and is utilized by the controller 206 to determine a metric  indicative
of the weight of catalyst, fines or additive in the container 202. The
catalyst or fines dispensed from the container may be determined by at least
one of weight gain or weight loss computation. [0033] The sensor 204
depicted in Figure 2 includes a platform 230 for  supporting the container
202 thereon. A plurality of load cells 234 are disposed  between the base
232 of the sensor 204 and the platform 230. The load cells  



234 are coupled to the controller 206 so that an accurate measurement of the
weight of the container 202 (and thereby the amount of catalyst, additive or
fines disposed therein) may be readily obtained. [0034] The base 232 is
generally supported on a surface 240. The surface  240 may be a concert slab
or other foundation. It is also contemplated that the  base may be another
suitable surface or structure. [0035] The container 202 generally includes a
storage vessel 210 having a  fill port 212, an outlet port 214 and an
optional vent port 226. The vessel 210  may be permanently affixed to the
sensor 204 or removably disposed thereon.  In the embodiment depicted in
Figure 2, the storage vessel 210 is removably  disposed on the sensor 204. 7
WO 2008/021774 PCTIUS2007/075240  [0036] The storage vessel 210 may be
filled with catalyst delivered to the  facility in another container or the
storage vessel 210 may also be a shippable  container, such as a tote. To
facilitate movement of the storage vessel 210, the  storage vessel may
include lift points 224 for coupling a lift thereto. The storage  vessel may
alternatively include legs 218 that space a bottom 216 of the  storage
vessel 210 from the platform 230 to provide space for the outlet port  214
and associated conduits coupled thereto. In one embodiment, the legs 218
may be configured to receive the fork of a lift truck to facilitate removal
and  replacement of the storage vessel 210 of the platform 230 of the sensor
204.  [0037] The fill port 212 is generally disposed on or near the top of
the  storage vessel 210. The outlet port 214 is generally disposed at or
near the  bottom 216 of the vessel. The bottom 216 may have a funnel shape
so that  additives disposed in the storage vessel 210 are directed by
gravity to the outlet  port 214. The bottom 216 may have a substantially
conical or inverted pyramid  shape. [0038] The storage vessel 210 may be
fabricated from any material  suitable for holding and/or shipping catalyst
or fines. In one embodiment, the  storage vessel 210 is fabricated from
metal. In another embodiment, the  storage vessel 210 is fabricated from a
wood or plastic product, such as  



corrugated cardboard. It is contemplated that since the atmosphere within
the  storage vessel 210 is maintained at or near atmospheric pressure, the
materials  utilized to fabricate the storage vessel 210 do not have to
withstand the high  pressures associated with conventional catalyst storage
vessels, which typically  operate at about five to 60 pounds per square inch
(about 0.35 to about 4.2  kilograms per centimeter squared (cm2)). As such,
the pressure vessel 210  may be configured to have a maximum operating
pressure of less than about  five pounds per square inch. It is also
contemplated that the storage vessel 210  may be configured for operation at
pressures up to about 60 pounds per square  inch if desired. [0039] A tag
222 is fixed to the container 202 and contains information  relating to the
material stored inside. The tab 222 may be a bar code, memory  device or
other suitable medium for information storage. In one embodiment,  the tag
222 may read via RF, optical or other wireless method. In another  8 WO
2008/021774 PCT/US2007/075240  embodiment, the tag 222 may be a
read/writable memory device, such that  changes to the material present in
the container 202 may be updated after  various events. For example, the tag
222 may include information regarding the  amount of material inside the
container 202. After material is dispensed and/or  added to the container
202, the information stored on the tag 222 may be  updated by the controller
206 to reflect the current status of amount of material  in the container
202. Thus, if the container 202 is temporarily removed from the  addition
system 200, the amount of material within the container 202 is known  and
will not have to be rechecked upon return to the system 200. [0040] The tag
222 may contain information relating to the type of material  in the
container, an amount of material in the container, shipping weight of
material in the container, a tare weight of the container, a source or
origin of  material within the container, traceability information of
material in the container  and/or a current weight of material in the
container. The tag 222 may also  contain information relating to a unique
container identification (such as a  container serial number), the customer
to which the container was shipped,  



purchase order information and/or material previously held in the container.
[0041] The addition system 200 may also includes a reader 220 positioned  to
interface with the tag 222 when the container 202 is disposed on the system
200. The reader 220 may be coupled to the controller 206, either by
downloading information form the reader memory, wireless transmission and/or
hardware communication. In one embodiment, the reader 220 is RF reader. In
other embodiment, the reader 220 may provide tag information to the
controller  206 that includes the identification number of the container
202. The controller  206 may obtain information associated with the
container (and additives therein)  from the controllers memory, or by
communicating with a separate data base,  such as at the refinery or at the
additive vendor. Information may be  downloaded to the controller 206
periodically, or received in response to a  request from the controller 206.
In another embodiment, it is contemplated a  technician may enter tag 222
information directly into the controller 206. [0042] In one embodiment, it
is contemplated a technician may enter tag  222 information directly into
the controller 206. 9 WO 2008/021774 PCT/US2007/075240  [0043] Figure 3
depicts an enlarged view of the storage vessel 210  illustrating one
embodiment of the components utilized to couple the outlet port  214 of the
storage vessel 210 to the transfer controller 208. In the embodiment
depicted in Figure 3, the tee 302 is coupled to the outlet port 214. A shut
off  valve 340 may be disposed between the tee 302 and the outlet port 214.
A filter  306 is coupled to one port of the tee 302. The second port of the
tee 302 is  coupled to a conduit 310. The conduit 310 is coupled to the
connector hose  228 by a connector 316. The connector 316 may be a quick
disconnect or other  fitting suitable for decoupling the storage vessel 210
from the FCC unit 110 so  that the storage vessel 210 may be readily
replaced. In one embodiment, the  connector 316 has a male fitting 314
coupled to the hose 228 and a female  fitting 312 coupled to the conduit
310. At least one of the hose 228 or conduit  310 may be flexible in order
to facilitate alignment and coupling of the fitting  312, 314. Isolation
valves 304, 308 may be disposed on either side of the tee  



302 to prevent additives contained within the storage vessel 210 from
inadvertently leaving the vessel, such as during shipment. [0044] The
transfer controller 208 utilizes vacuum power to transfer  catalyst, fines
or other material disposed in the storage vessel 210 to the FCC  unit 110.
The transfer controller 208 may be powered by the gas source 108,
facilities air or other gas source. [0045] Figure 4A depicts one embodiment
of the transfer controller 208.  The transfer controller 208 generally
includes an eductor 410, a control valve  412 and a check valve 414. The
product inlet of the eductor 410 is coupled to  the container 202 by the
hose 228. The discharge of the eductor 410 is coupled  to the FCC unit 110.
The check valve 214 is disposed in line between the  eductor 410 and the FCC
unit 110 to prevent material flow from the FCC unit  110 toward the eductor
410. A third port of the eductor 410 is coupled to the  gas source 108. The
control valve 412 is disposed between the gas source 108  and the eductor
410. The control valve 412 controls the operation of the  eductor 410 and,
ultimately, the movement of material between the container  202 and the FCC
unit 110. One eductor that may be adapted to benefit from  the invention is
available from Vortex Ventures, located in Houston, Texas. 10 WO 2008/021774
PCTIUS2007/075240  [0046] A flow indicator 416 may be positioned between the
container 202  and the transfer controller 208 to provide a metric
indicative that material is  being transferred from the container 202. In
one embodiment, the flow indicator  416 may be a sight glass. Flow
indicators 416 may be disposed in various  positions in the flow path
between the container 202 and the FCC unit 110 to  allow visual confirmation
of the system operation. [0047] A feed back sensor 450 may be positioned
between the eductor 410  and the FCC unit 110. The feed back sensor 450
provides the controller 206  with a metric indicative of additive flow
between the eductor 410 and the FCC  unit 110. The controller 206, in
response to the metric provide by the sensor  450, may generate a flag or
shut down the injection system 200 if the metric  indicates improper
operation, such as a clogged eductor 410. The flag  



electronically notify at least one of the refiner and/or catalyst vendor.
The feed  back sensor 450 may be a pressure transmitter or other device
suitable for  confirming flow to the FCC unit 110. [0048] In another
embodiment, the feed back sensor 450 may be utilized to  provide the
controller 450 with a metric indicative of the pressure between the  eductor
410 and the FCC unit 110. The controller 450 may monitor this  pressure to
ensure that adequate pressure is provided so that the flow of  material will
always move towards the FCC unit 110. If the pressure detected  by the feed
back sensor 450 is too low, the controller 206 may close a valve  (not
shown) between the eductor 410 and the FCC unit 100 or prevent the valve
308 from opening to prevent backflow. [0049] Figure 4B depicts another
embodiment of a transfer controller 430.  The transfer controller 430
generally includes at least one pre-stage conveyor  420 and a final stage
conveyor 422. The pre-stage conveyor 420 includes an  eductor 440 and a
control valve 442. The product inlet of the eductor 440 is  coupled by the
hose 228 to the container 202. The outlet port of the eductor  440 is
coupled to the product inlet port of an eductor positioned in another pre-
stage conveyor and coupled in series in one or more additional pre-stage
conveyors coupled in series and terminating with the final stage conveyor
422.  In the embodiment depicted in Figure 4B, the outlet port of the
pre-stage  conveyor 420 is coupled by a conduit 444 to the product inlet and
eductor 410  11 WO 2008/021774 PCT/US2007/075240  of the final stage
conveyor 422. Optionally, and not shown in Figure 46, a  check valve, such
as the check valve 414, may be disposed in the conduit 444  to ensure the
direction of flow from the pre-stage conveyor to the final stage  conveyor
422. The final stage conveyor 422 is generally similar to the transfer
controller 208 depicted in Figure 4A, having a control valve 412 and a check
valve 414 and an eductor 410. The outlet of the final stage conveyor 422 is
coupled to the FCC unit 110. [0050] Each of the conveyors 420, 422 are
powered by the gas source 108  or other suitable gas source. The use of
multiple conveyors 420, 422 in series  



as shown in the transfer controller 430 allows material to be transferred
over a  greater length between the container 202 and the FCC unit 110. The
use of  multiple conveyors 420, 422 coupled in series additionally allows
the pressure  in the conduits carrying the material to FCC unit 110 to be
incrementally  increased through each conveyor, thereby conserving energy
while still  pressurizing the material to a level that facilitates injection
into the FCC unit  110. [0051] Figure 5 is a simplified schematic diagram of
another embodiment  of an addition system 500 in accordance with the present
invention suitable for  use with an FCC system. The addition system 500
includes a plurality of  containers 202. In the embodiment depicted in
Figure 5, two containers 202 are  shown, a first container filled with
material A and a second container 202  holding material B. The containers
202 are selectively coupled to the transfer  controller 208 such that a
material A and/or B may be selectively added to the  FCC unit 110. The
containers 202 may be arranged in a horizontal or vertical  orientation,
such as in a vertically stacked orientation. [0052] In the embodiment
depicted in Figure 5, a first selector valve 506A  is coupled to the outlet
port 214 of the container 202 carrying material A while a  second selector
valve 506B is coupled to the outlet port 214 of the container  202 carrying
material B. The selector valves 506A, 506B are coupled by hoses  528A, 5286
to a tee 504. A common line 530 couples the transfer controller  208 to the
hoses 528A, 5286 through the tee 504. A shut-off valve 508 may be  disposed
between the tee 508 and the transfer controller 208. In embodiments  wherein
more than two containers 202 are coupled to the common line 530,  12 WO
2008/021774 PCTIUS2007/075240  multiple tees 504 or a manifold may be
utilized to couple all of the containers to  the FCC unit 110 through a
single common line 530. It is also contemplated  that multiple group of
containers 202 may be coupled to the FCC unit 110  through respective common
lines 530. The transfer controller 208 may be any  one of the controllers
described herein or any variation thereof. [0053] In operation, the
controller 206 may provide a signal to the selector  



valve 506A to change an operational state of the selector valve 506A from
closed to open, while a signal provided to the selector valve 506B causes
the  valve 506B to close (or remain closed). The controller 206 provides a
signal to  the control valve 412 to open, thereby causing gas to flow from
the gas source  108 through the eductor 410. The flow through the eductor
410 draws material  from the container 202 holding material A through the
common line 530 and  ultimately to the FCC unit 110. Since the control
selector valve 506B is in a  closed state, material B from the other
container 202 is prevented from being  transported to the FCC unit 110. As
the material is being transferred, the  weight of material A in the
container 202 decreases by the amount of additive  dispensed into the FCC
unit 110. This change in weight is detected by the  sensor 204 which
provides the controller 206 with a metric indicative of the  amount of
material A transferred into the FCC unit 110 from the container 202.  Since
the material transferred from each container may be independently  resolved,
it is also contemplated that both selector valves 506A, 506B may be  opened
simultaneously to allow simultaneous transfer of material A and material  B
to the FCC unit. [0054] Figure 6 depicts another embodiment of an addition
system 600.  The addition system 600 includes a rack 602 which is configured
to provide a  plurality of bays, each adapted to receive a container. In the
embodiment  depicted in Figure 6, four bays 604A-D are provided to house
respective  containers, shown as containers 202A-D. In the embodiment
depicted in Figure  6, the arrangement of bays has an equal number of
columns and rows. It is  also contemplated that the bays may be arranged
laterally, for example,  horizontally in a single row or arranged in any
number of columns or rows.  [0055] Generally, different additives are
provided in each of containers  202A-D, although some containers may include
the same additives as the other 13 WO 2008/021774 PCT/U52007/075240
containers. The additives may be specialized catalysts utilized for process
control in the FCC unit 110. For example, additives may be provided from the
addition system 600 to the FCC unit 110 to control the ratio of product
types  



recovered in the distillation system 116 (i.e., for example, more LPG than
gasoline) and/or to control the composition of emissions passing through an
effluent stack of the exhaust system 114 of the regenerator 250, among other
process control attributes. The main catalyst generally delivers a Y-Zeolite
containing catalyst, which drives the main cracking process. One or more of
the  containers 202A-B may be utilized to deliver fines into the FCC unit
110 through  the addition system 600. Fines may be provided from an additive
supplier, or  may be captured at the facility from the exhaust system 614 or
other source,  and may be delivered to one of the containers 202A-B via a
conduit 612.  Suitable additives are available from Intercat Corporation,
located in Sea Girt,  New Jersey. [0056] Each bay 604A-D includes a sensor
204A-D and a reader 220A-D.  Each sensor 204A-D is coupled to the controller
206 such that the amount of  material dispensed and/or added to the
respective container 202A-D interfacing  with the sensor 204A-D may be
monitored. [0057] Each of the readers 220A-D are configured to provide the
controller  206 with information regarding the specific container 202A-D
residing in a  respective bay 604A-D. Thus, in this manner, the controller
206 will know the  exact material in each container disposed in the bays
604A-D so that the  correct material is always dispensed into the FCC unit
110. [0058] For example, the bay 604A may be loaded with a container 202A
having SOx reduction catalyst, bay 604B may be loaded with a container 202B
having catalyst fines, bay 604C is empty, while bay 604D may be loaded with
a  container 202D having NOx reduction catalyst. If bay 604C is planned to
have  a container 202C having NOx reduction catalyst loaded therein, and
technicians  inadvertently load a container having SOx reduction catalyst,
the controller 206  would be immediately aware of the error from the
information detected by the  reader 220C positioned to read the tag 222
affixed to the container disposed in  the bay 604C, and thereby would
prevent inadvertent dispense therefrom along  with flagging the error. 14 WO
2008/021774 PCT/US2007/075240  



[0059] Moreover, the readers 220A-D allow the system 600 to correct
dispense problems automatically. For example, both bay 604C and bay 604D
are loaded with containers 202C-D having NOx reduction catalyst, and the
controller 206 determines that a scheduled dispense from the container 202D
was not made or was insufficient due to a blockage, insufficient material in
the  container 202D or other malfunction, the controller 206 may search the
bays for  another container having NOx reduction catalyst (e.g., the
container 202C) and  make the remaining scheduled addition of NOx reduction
catalyst therefrom  without interruption of processing or servicing the
addition system 600. [0060] The containers 202A-D are coupled by a hose
606A-D to a transfer  controller 608. The transfer controller 608
selectively couples the containers  202A-D to the FCC unit 110. Each
container 202A-D may have its own  dedicated transfer controller, as shown
in Figures 4A-B or the like, or share a  transfer controller with one or
more other containers. [0061] Figure 7A depicts one embodiment of the
transfer controller 608.  The transfer controller 608 generally includes a
plurality of selector valves  702A-D, each respectively coupled to one of
the hoses 606A-D leading form the  containers 202A-D. The outlets of the
selector valves 702A-D are merged into  a common line 704 by a plurality of
tees or manifold. The common line 704 is  coupled to one or more eductors
410. The output of the eductor 410 is coupled  to the FCC unit 110. One
eductor 410 is shown in Figure 7A, but it is  contemplated that staged
eductors may be utilized as described with reference  to Figure 4B. [0062]
In operation, the controller 206 selectively opens one of the selector
valves 702A-D to allow material to flow from a selected container or
selected  containers 202A-D. Control valve 412 is opened to provide gas from
the source  108 through the eductor 410. The gas flowing through the eductor
410 creates  a vacuum that pulls material through the common line 704, and
pressurizes the  material leaving the eductor 410 for delivery into the FCC
unit 110. 10063] Figure 7B depicts another embodiment of the transfer
controller  608. The transfer controller 608 generally includes a plurality
of selector valves  702A-D, each respectively coupled to one of the hoses
606A-D leading from the  



containers 202A-D. Each outlet of the selector valves 702A-D are
respectively  15 WO 20081021774 PCTIUS20071075240  coupled to a dedicated
eductor 410. The outlets of the eductors 410 are  merged into a common line
706 by a plurality of tees or manifold. The common  line 706 is coupled to
the FCC unit 110. One eductor 410 is shown in Figure 7B  coupled between
each selector valve 702A-D and the common line 706, but it is  contemplated
that staged eductors may be utilized between each selector valve  702A-D and
the common line 706, and/or another eductor 410 (not shown) may  be disposed
in-line with the common line 706 to provide a staged material  delivery
arrangement, as described with reference to Figure 4B. [0064] In operation,
the controller 206 selectively opens one of the selector  valves 702A-D to
allow material to flow from a selected container or selected  containers
202A-D. A selected control valve 412 is opened to provide gas from  the
source 108 through the eductor 410 associated with the selected containers
202A-D. The gas flowing through the eductor 410 (or series of eductors)
creates a vacuum that pulls material from the container and into the common
line 706 at an elevated pressure suitable for delivery into the FCC unit
110.  [0065] Figure 8 is a simplified schematic diagram of another
embodiment  of an addition system 800. The addition system 800 generally
includes a  container 802, a sensor 204 and a transfer controller 208. The
sensor 204 and  transfer controller 208 are generally as described above.
[0066] The container 802 includes a plurality of compartments. Each
compartment is configured to store a different additive. In the embodiment
depicted in Figure 8, two compartments 806A, 806B are defined in the
container  802. The compartments 806A, 806B are separated by an internal
wall 804 to  prevent mixing of the additives. The wall 804 may completely
isolate the  compartments 806A, 8063, or the wall 804 may terminate short of
the top of the  container 802 or include one or more apertures proximate the
top of the  container 802 so that the area above the additives disposed in
each  compartment 806A, 806B share a common plenum. [0067] In the embodiment
depicted in Figure 8, the container 802 includes  



separate fill ports 812A, 812B and vent ports 826A, 826B for each
compartment  806A, 8063. The container 802 also includes separate outlet
ports 814A, 814B  disposed in the bottom of the container 802 so that each
additive may be  dispensed from the compartments 806A, 806B separately. The
outlet ports  16 WO 2008/021774 PC1/U82007/075240  814A, 814B are couple to
selector valves 506A, 506B. The outlet ports of the  valves 506A, 506B are
coupled through a tee 504 to a common line 530. The  common line 530 is
coupled to the transfer controller 208. The controller 206,  by selectively
actuating the appropriate valves 506A, 506B and transfer  controller 208,
causes additive(s) to be transferred from the container 802 to the  FCC unit
110. The amount of additive transferred is determined using  information
provided by the sensor 204. If additives are transferred from both
compartments 806A, 806B simultaneously, the amount of each additive
transferred may be determined using the change in weight of the container
802  factored by the weight ratio of the additive in each compartment.
[0068] Returning to Figure 2, the controller 206 is typically housed in an
explosion-proof enclosure to prevent spark ignition of gases which may
potentially exist on the exterior of the enclosure in a petroleum processing
environment. The controller 206 may be equipped with remote access
capability, such as communication port 286 (for example, a modem, wireless
transmitter, communication port and the like), so that activity may be
monitored  from other locations by a remote device 288, such as the refinery
operations  center or by catalyst suppliers. A controller having such
capability is described  in United States Patent No. 6,859,759, issued
February 22, 2005 and United  States Patent Application Serial No.
10/304,670, filed November 26, 2002. It is  contemplated that suitable
controllers may have alternative configurations.  [0069] The controller 206
is provided to control the function of at least the  catalyst addition
system 200. The controller 206 may be any suitable logic  device for
controlling the operation of the addition systems described herein.  The
controller 206 generally includes memory 280, support circuits 282 and a
central processing unit (CPU) 284, as is known. 



[0070] In one embodiment, the controller 206 is a programmable logic
controller (PLC), such as those available from GE Fanuc. However, from the
disclosure herein, those skilled in the art will realize that other
controllers such  as microcontrollers, microprocessors, programmable gate
arrays, and  application specific integrated circuits (ASICs) may be used to
perform the  controlling functions of the controller 206. The controller 206
is coupled to the  various support circuits 282 that provide various signals
to the controller 206.  17 WO 2008/021774 PCT/1JS2007/075240  These support
circuits 282 may include power supplies, clocks, input and output  interface
circuits and the like. [0071] The controller 206 may be utilized to cause
the addition system 200  to perform a series of process steps, such as an
injection method described  below. The method may be stored in the memory
280 of the controller 206, or  accessed by the controller 206 from another
memory source. [0072] In one embodiment, a method for injecting additives to
an FCC unit  begins by reading the tags 222 associated with the containers
202 interfaced  with the sensors 204 and transfer controller 208 of the
additive system 200. If  the tag 222 of a particular container 202 does not
contain or contains  predefined information, the controller 206 may prevent
addition from that  container and/or generate a flag. The flag is generally
provided to the refiner,  and may also be provided to the catalyst supplier
via transmission to the remote  device via the controller 206. For example,
if an expired lot or contaminated lot  of material is present in the
container 202 associated with the tag 222, the  refiner and/or vendor may be
notified. Moreover, in this type of event, additions  from that container
may be prevented by the controller by default programming,  selection by the
refiner, by instructions provided remotely by the vendor (or  other third
party) through the modem (e.g., communication port 286) to the  controller.
[0073] The controller 206 generally selects a container for holding the
additive which is to be dispensed into the FCC unit based on a predetermined
injection schedule. The controller 206 selects a container filled with the
additive  



called for in the injection schedule, and opens the appropriate selector
valve  and control valves to cause additive transfer from the container to
the FCC unit  through the eductor. The sensor provides the controller with a
metric indicative  of the amount of additive transferred, thereby enabling
the controller to  determine when to close the valves and terminate the
addition. If the tag is  read/writable, the information stored in the memory
of the tag is updated. [0074] Thus, a vacuum powered addition system and
method for delivering  catalyst to an FCC unit has been provided. The
addition system generally  provides a cost savings over conventional
addition systems, as pressure vessel  and vessel pressurization systems are
not required. Moreover, the ability to  18 WO 2008/021774 PCT/US2007/075240
automatically obtain information regarding the material loaded into the
system,  along with information regarding material dispensed from the
system, allows the  system to flag operator error, and to self-correct
addition deficiencies, in some  instances, without operator intervention.
Advantageously, this allows the FCC  unit to continue operating at or near
processing limits with minimal fluctuation,  thereby providing the desired
product mix and emissions composition with  minimal dis-optimisation,
thereby maximizing the profitability of the FCC system  refiner. [00751
Although the teachings of the present invention have been shown  and
described in detail herein, those skilled in the art can readily devise
other  varied embodiments that still incorporate the teachings and do not
depart from  the scope and spirit of the invention. 19 What is claimed is: 1
An addition system for an FCC unit, comprising: a container having a vent
port, a fill port and an outlet;  a first eductor coupled to the outlet; a
sensor configured to detect a metric of material dispensed from the
container  through the eductor; a valve controlling flow through the
eductor; and 



a controller coupled to the sensor and valve, the controller providing a
control  signal for regulating an operational state of the valve. 2. The
system of claim 1, wherein the container is shipping tote.  3. The system of
claim 1 further comprising: a wireless data reader coupled to the controller
and positioned to provide  information relating to the container to the
controller. 4. The system of claim 3 further comprising: a tag coupled to
the container and containing information including at least the  contents of
the container. 5. The system of claim 1, wherein the controller further
comprises: a means for communicating catalyst inventory information to a
location remote  from the addition system. 6. The system of claim 1 further
comprising: a second eductor coupled in series with the first eductor.  7.
An addition system for an FCC unit, comprising: a first container having a
vent port, a fill port and an outlet; a second container having a vent port,
a fill port and an outlet;  a first eductor coupled to the outlet of the
container; a first sensor configured to detect a metric of material
dispensed through the  eductor from the first container; 20 a second sensor
configured to detect a metric of material dispensed from the  second
container; a valve controlling flow through the eductor from at least one of
the containers;  and a controller coupled to the first sensor and valve, the
controller configured to  provide a control signal for regulating an
operational state of the valve. 8. The addition system of claim 7 further
comprising: a selection circuit coupling the first and second containers to
the eductor, the  controller configured to provide a signal to the selection
circuit that selectively allows  material to flow from a selected container
through the eductor. 9. The addition system of claim 7 further comprising: 



a second eductor coupled to the outlet of the second container, wherein the
first  eductor is coupled to the outlet of the first container. 10. The
addition system of claim 7 further comprising: a rack having at least a
first container receiving bay and a second container  receiving bay, wherein
the first container is interfaced with the first sensor in the first bay
and the second container is interfaced with the second sensor in the second
bay. 11. The addition system of claim 10 further comprising: a wireless data
reader coupled to the controller and positioned to provide  information
relating to at least one of the containers. 12. The addition system of claim
11 further comprising: a wireless data reader associated with each bay and
positioned to provide the  controller with information relating to the
container disposed in the bay. 13. The addition system of claim 12, wherein
the first container further comprises: a tag containing information relating
to at least one of the type of material in the  container, a unique
container identification number, an amount of material in the  container,
shipping weight of material in the container, a tare weight of the
container; a  21 source of material within the container, traceability
information of material in the  container and a current weight of material
in the container. 14. An FCC unit having an addition system, comprising:  an
FCC unit having a reactor and a regenerator; a first eductor having a
material outlet coupled to the FCC unit; a sensor configured to detect a
metric of material dispensed to the FCC unit  through the eductor; a valve
controlling flow through the eductor; and a controller coupled to the sensor
and valve, the controller providing a control  signal for regulating an
operational state of the valve. 15. The FCC unit of claim 14 further
comprising: a low pressure container having an outlet coupled to a material
inlet of the  eductor without an intervening pressure vessel, wherein the
sensor is positioned to  determine a metric indicative of a quantity of
material in the container. 16. An FCC system having addition system,
comprising:  



an FCC unit having a reactor and a regenerator; a plurality of low pressure
vessels; at least one eductor having a material inlet coupled to at least
one of the vessels  and having a material outlet coupled to the FCC unit; a
sensor configured to detect a metric of material dispensed to the FCC unit
through the eductor; a valve controlling flow through the eductor; and a
controller coupled to the sensor and valve, the controller providing a
control  signal for regulating an operational state of the valve. 17. The
FCC system of claim 16, wherein the at least one eductor further comprises
at least two eductors coupled in series. 18. The FCC system of claim 16
wherein the at least one eductor further comprises:  at least one eductor
coupled to each of the vessels. 22 19. The FCC system of claim 16 further
comprising: a plurality of vessel receiving bays, wherein each bay further
comprises: a vessel support for supporting one of the plurality of vessels
in the bay; and a load cell for detecting the weight of the vessel supported
by the vessel support.  20. The FCC system of claim 19, wherein each bay
further comprises: a reader configured to wirelessly obtain the information
from a tag fixed to the  vessel in the bay, the reader providing the
information to the controller. 21. The FCC system of claim 16, wherein the
vessels are shipping totes. 22. The FCC system of claim 16, wherein the
vessels are filled with at least one  member selected from the group
consisting of Y-Zeolite containing catalyst, ZSM-5  containing catalyst, SOx
reduction catalyst, catalyst fines and NOx reduction catalyst. 23 


