CONTI NUOQUS CATALYST ACTI VATOR Techni cal Field of the
I nvention [0001] The invention relates to nethods and
W@ EbesH04 hat can be used to prepare or acti vaP€r/US2008/013529
catal ysts, particularly chriom umcatalysts, for use in
ot her process units, such as polynerization reactors.
BACKGROUND OF THE | NVENTI ON [ 0002] Cat al yst s,
parti cul arl ycoNANUGUS At ASYST A8 TVRerdyRed in
pol yneri zation reactions. Wen chrom um catal ysts are
used in polyolefin production, the val ence of the
Techalva biffeld wf detlaveynsivn needs to be (I1) to effect
pol ymeri zation. Chrom um catal ysts can be supplied
[000tohireingérdion yelatas tchmethodsvaldepsterss tibecamsbeatsedm pmparé bt Jtivate
which is then converted to the hexaval ent state which
catalyss, C partioalanty (SMk9miuibh ealyse)mifomusd/l in iothet hgmcase duglsd stich  as
chromum (I1). [0003] Converting the val ence of the
polymbrizatiboiraattosm (111) to (VI) can be achieved in batch
processes that use |large vessels subjected to thernal
cycling and take relatively long periods of tine to
operate. The extrene tenperature cycles require a
relatively | oBAIEEROUND QF FHEINVIRUIIQNNWN and heat
u whi ch increases the tine necessary to convert each,
lOOOBﬁ%hlyaf, Reg{cyiaylyt chromiymecptadystss €an pypsed iprnobaasgizatipsy reactions.
can be operated efficiently without the use of '
Wheg,chemypmedaiplyster arased enprdydefiny rodycgioasthe yalengpqef theghromium
further reduce manual aspects of the operations.
catal gy taobe THIE to RffEMmrabrn¢rirater):  Thheompines edtalysth gen be supplied
provi des various methods and apparatus for preparing a
compercallysh the tavélenti slatz erd Pwompont(ilnuedeche st tiey stonverted to the
‘ activator for use in polynerization reactors. A
hexag@tmt|syasd which is chromium (VI). The chromium (VI) is then reduced to chromium

(ID).

[0003] Converting the valence of the chromium from (III) to (VI) can be achieved in batch
'processes that use large vessels subjected to thermal cycling and take relatively long periods
of time to operate. The extreme temperature cycles require a relatively long period of time to
cool down and heat up, which increases the time necessary to convert each batch of catalyst.
A need exists for a process that can be operated efficiently without the use of extensively

variant temperature cycles and that can further reduce manual aspects of the operations.

SUMMARY OF THE INVENTION

[0004] The present invention provides various methods and apparatus for preparing a catalyst
in a fluidized bed continuous catalyst activator for use in polymerization reactors. A catalyst

is processed in a continuous catalyst activator apparatus that minimizes the manual aspects of



is processed in a continuous catal yst activator

apparatus that mnimzes the manual aspects ofthe
wop@pasileh and provides for continuous acti vatPORUS2008/013529

noverment of the catalyst through the activator system

The activation process can be controlled in a system
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During the activation process, th [ ) )
comGNAALR AR ahaft IRSEGEe Gie A LR AN S BBIREFR! ipluding, bu
val ence of at l|least a portion of the .chrom um :
not HoHedhionath HOBARtRILY PRTeCOIYFRy SIMiKRUEHRY 115 27d: 31 IRFIE §pS, &rpifure of
(hereinafter "Cr(I11)") to a hexaval ent state .
oxygdeandi anainere i2as, @r Compinptions thereefy ckhezat\eask pRG3SBH (ALY e tpcluded
~catalyst. The val enceconverted catalyst is generally
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contacted with )t/he at least one agent to convert a valence of at least a portion of the

chromium contained within the catalyst from its trivalent state (hereinafter “Cr(Ill)”) to a
hexavalent state (hereinafter “Cr(VI)”) to produce a valence-converted catalyst. The valence-
converted catalyst is generally referred to as being “activated.” This activation procedure
stabilizes at least a portion of the chromium in the hexavalent state. If the catalyst is initially
in the trivalent state, as is usually but not necessarily the case, it is oxidized, at least in part to
the hexavalent state during activation. ~Catalysts that are in the hexavalent state require

reduction and alkylation in order to polymerize olefins, monomers, or any chemical



in the trivalent state, as is usually but not
necessarily the case, it is oxidized, at least in part
W eooblgsiexaval ent state during activation. Capel/ys$1088/013529
that are in the hexaval ent jstate require reduction and
al kylation in order to polynerize ol efins, nononers,
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inertaseri €N di scharged. The discharged val enceconverted
c%?a]yst can be stored for future use or it can be
sent directly for use in another process unit, such as
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The term substanti al | continua% refers tq nmovenent of
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activator to a storage location fromwhich it is
substgptigliyfoptIOYSs ERfers g atrntgrupted neMsBIenL oft achrptrbeatalyyt from the
The catal yst can be di scharged fromthe activator and .
contighejise epi3lpst aaqjiyater | intr Bie RMYBAZaton Jeacit | nilgutsry substantially
di scharged into the reactor feed system Once the
contignal a¢fpestto mpvement o4 pefedtet cata yshisora ghe apatiprous gelyst activator to a
activated catal yst can then be fed to the
storage [lgeateni frami witich étals treriodi¢alliiediscbarged toum pslynenzation reactor. The
continually. A storage, surge, or hol ding vessel can
catalpg capelk dovmsgadefromofhe activator and stored in a vessel from which it is

continuously discharged into the reactor feed system. Once the catalyst is discharged from
the activator, the activated catalyst can then be fed to the polymerization reactor either
continuously or continually. A storage, surge, or holding vessel can be used downstream of
the activator to store or hold catalyst prior to introduction into the reactor system.
Throughout the description of various embodiments and aspects it is anticipated that the

continuous catalyst activator is operated as a continuous process.

[0007] Reduction to Cr(II) requires a reducing agent. The reducing agent can be contacted

with the catalyst comprising Cr(VI) during the activation process as another step in the



the activator to store or hold catalyst prior to
introduction into the reactor system Throughout the
waemensyvd on of vari ous enbodi ments and aspectBCT/US1088/013529
antici pated that the conti njious catal yst activator is
operated as a continuous process. [0007] Reduction to
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can be added t t he processes descrlbed herein t
neceFAVAP QPPAE hrekg ‘E%F‘Zﬁﬁ%’fe&‘&f’r ddifaoplpipeest StEii’ScfﬁéP? peded to the
of the resulting resins. For exanple, the processes
procgRsC IS B HISFAR o ORI Aepikd plEce) ramaghagisal properties of the
fluoridation, carbon nonoxide reduction, other types
resulfipg resinsct Fasrrxamaleel thsr Proesssascigsirdad hesgicasy alsgénsdude titanation,
addi tional process steps can be used individually or
fluoridatign cpipgs mosatiie sdueing, etbenlipds of ecduptinms.camd/or eeoxkigtien. Each

of ordinary skill in the art.
of these additional process steps can be used individually or in various combinations as will

be apparent to those of ordinary skill in the art.

[0009] Besides the methods described herein, the present invention also provides a controller
for the operation of a polyolefin reactor and a continuous catalyst activator in combination to
produce a polyolefin. A polymerization reactor process variable is compared to a reactor
process variable set point and a continuous catalyst activator process variable is adjusted
accordingly. In one aspect, a discharge stream process variable on the polymerization reactor
1s monitored and compared with a process variable set point. Fore example, an inlet process

variable on the continuous catalyst activator can be adjusted based upon a comparison of the



[ 0009] Besides the nmethods described herein, the

present invention also provides a controller for the
woep@pasiloh of a pol yol efmreactor and a conti NROIES2008/013529

catal yst activator in conbiqation to produce a

pol yol efin. A polynerization reactor process variable
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reactor system the facility, or the conplex
conprising the controller. The control process can
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di stributed control systens, or conbinations. [0010
exaMple] ofisidizehbadgystami fon@noﬁumlslwmplamgmsatfdmtaﬂrym embodiment, the
activator apparatus are provided for
fluidized bed system comprises a single horizontal fluid bed vessel or fluidized bed catalyst

activator that contains a gas distributor plate, an inlet, a plurality of zones, at least one zone
dividing wall, a plurality of baffles, a plurality of gas lines, a final outlet, and a means for

independently controlling the temperature of each zone.

[0011] In some aspects, the gas distributor plate can be any design or configuration capable
of producing a uniform and efficient distribution of gas across the surface of the bottom of
the vessel.  The inlet can be used for introducing the catalyst into the vessel. The at least

one zone dividing wall divides the vessel into the plurality of zones. At least one of the zone



exanple, a fluidized bed system for continuously
preparing a catalyst. In an enbodi nent, the fluidized
wheasgavem conpri ses a single horizontal fl uiBCHES2008/013529
vessel or fluidized bed catgl yst activator that
contains a gas distributor plate, an inlet, a
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plural |ty of baffles, a plurality of "gas lines,
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the vessel. [0012] Filters can be positioned at any
along thetcainsohpeaealysoActivator-he cont i nuous cat al yst activator
to capture particles as necessary. Such particles can

t hen be discarded or returned to the
[0013] The continuous catalyst activator system can also include a polymerization reactor

that produces a polymer using the catalyst that is activated in the activator. Additional

components of the system can be present, as described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The drawings illustrate only particular embodiments representative of the invention
and are not to be considered limiting of the invention's scope. It is intended that these

drawings may include other equally effective embodiments.



process. The filters can be positioned inside or
out side the vessel at any suitable |ocation along the
w@oembiosiious cat al yst activator. [0013] The conpP¢TUS2088/013529
catal yst activator systemcan also include a
pol yneri zation reactor that produces a pol ynmer using
(0015 ﬁ‘tré’ﬂr¥s%¥1tstar}ﬁhiajl %ro@&%écﬁ@ﬁaﬁa Jielbrla®naflduy 4Rt activator and
Addi ti onal conponents of the system can be preSent, as
Cmﬂﬂg%&&hgqqdherein. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0014] The drawings illustrate only particul ar
enbodi nents representative of the invention and are
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scope. It is intended that These draw ngs may include
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represents a partial croSs-sectional vi‘ew of a
conti nuous catal yst activator and cooling system and
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a continuous catalyst activator systéem conprising a
controller, a continuous catalyst activator, and a
pol ynmeri zation reactor; and [0017] FIG 3 represents a
mul ti pl e DEAMNIEEDCDRSCRIPTHON QIRTHEIINAENTEONI vessel .
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antici pated as presented in the foll ow ng
follodémalesquiptions .In hn agpectathe eotitinubisecatadyst adtivadsS cat @mpsise a single
activator 5 can conprise a single substantially
substamtiall dotiadntdl| fluidibdaedsset $6 eat dildwisitat flaiblizems dfake catalyst 160, so
fluidization of the catal yst 160, so that the catal yst
that the QatblsBraM®behdes iHuildike” amdehnGRNradepdrted MG {HoIIt Bebhanical means.
wi t hout nechani cal neans. Substantially horizontal

SubsBRAAIE hbezohtadRReaink QR sltpe NRdTh 2RO hatizdHtalt brethéed&E el & the gas
the gas distributor plate, the slope of one zone to
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degrees, or alternatively less than 5 degrees. The continuous catalyst activator could be
designed to have any suitable orientation. The continuous catalyst activator in this invention
is not limited by physical arrangements or orientations of the vessel and zones, including the
size and shape of the various structures comprising the vessel and zones, or any of the
apertures comprising any of the structures of the continuous catalyst activator. The fluid bed
vessel 10 contains a gas distributor plate 65; an inlet 60; a plurality of zones 15, 20, 35; at
least one zone dividing wall 16, 17; a plurality of baffles 66 — 77; a final outlet 167; and a

means for independently controlling the temperature of each zone.



degrees, or alternatively less than 5 degrees. The

conti nuous catal yst activator could be designed to
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activator in this inventiorgis not Iimted by physica
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the plurality of
below the gas distributor plate 65. At least one of the zone dividing walls 16, 17 contains a

zone opening that allows the catalyst to be introduced into a next downstream zone. Each
zone contains one or more baffles 66 — 77 with each baffle defining a stage 45 — 59. The
vessel 10 can comprise any suitable number of stages such as between about 4 stages to about
75 stages; alternatively, from about 10 stages to about 50 stages; alternatively, from about 12
stages to about 20 stages; or alternatively, about 15 stages. In an aspect, the catalyst 160
travels through all of the stages 45 — 59 contained within the vessel 10 prior to being

discharged from the vessel 10. The residence time between the zones 15, 20, 35 can vary. In



zones 15, 20, 35. The zone dividing walls 16, 17
substantially seal a particular zone fromthe adjacent
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about 15 stages. In an aspect, the catalyst 160
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four stages, and zone 35 can include nine stages. . i
catalyst 160 in the vessel 10. As the number of stages increases, the residence time

distribution function of the catalyst 160 within each zone changes from a broad exponentially
decaying function to an essentially plug flow distribution, with all catalyst 160 having an

essentially equal residence time in each zone.

[0023] Each baffle contains a plurality of apertures to allow the catalyst 160 to flow through
each stage by fluidized horizontal flow so that the fluidizing gas 162 and the catalyst 160 are
in contact with one another. The apertures can be located on alternate opposite edges of the
baffles to create a serpentine course of flow. Use of the serpentine course of flow helps

control the residence time distribution of the catalyst 160 through the vessel 10. The



Each stage acts essentially as a continuous

stirred-tank reactor (CSTR) within the vessel 10. The
woriobiostiage configuration facilitates a narrowCT/US2008/013529

residence tinme distributiongof the fluidized catalyst

160 in the vessel 10. As the nunber of stages
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be present, as described herein.
temperature ramp- -times used in the conventional batch activator, which can substantially

reduce the process time needed during the preparation or activation of the catalyst.

[0026] Other process parameters, such as residence time can be controlled. For example, the
residence time for the catalyst 160 to progress through the entire fluid bed vessel 10 can be

controlled by adjusting the catalyst 160 feed rate.

[0027] In an aspect, each zone is continuously in operation with respect to the flow of
catalyst through the inlet and outlet of the zone. The zone dividing walls 16, 17 can be used

to substantially separate a particular zone from an adjacent zone.



[0025] Wthin each zone 15, 20, 35, the tenperature is

capabl e of being independently naintained. Catalyst
was®psasd ng through the fluid bed vessel 10 iBCT/US2008/013529

subjected to step-w se proggessively higher

tenperature zones 15, 20, 35. This tenperature profile
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i nvention the continuous catalyst activator 5 can
thesecfalinps faseprise “blow-back™ capabilities in which the gas flow is temporarily reversed

to knock off accumulated catalyst from the filter elements. These filters may be external to
the vessel 10 or internal. External variants include, but are not limited to, bag filters that exist
in separate locations and are connected by piping to the vessel 10. In this way fines are
captured and can then be discarded, or returned to any part of the vessel 10. Alternatively the
filters may be of the sintered metal or ceramic types and can be located in compartments
located immediately above the vessel. In this way fines falling off the filter elements drop
back into the fluidizing bed. In another aspect the filters can be located internally within the

vessel, so that fines falling off the filter elements drop directly back into the bed from which



filters to capture entrapped or entrained particles

and return themto the fluidized bed. This is
w@arwigubar |y useful when the catal yst cont ai nBCT/US08/013529

particles (fines) or when fghe fluidization velocity is
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el enent s drop irectly back into the bed from
deteciphle prhorays fLaily S?}qq1é¥°§t VgHeBL oriented vertically or

hori zontally. When the filter elenents are | ocated
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stop horijzontal air flow between cells and thus ca

embpd iR withip gaqh; filss 10Pal0d| is A plsdlitnet gas premeadly glt?rrPlec“PFé‘tS that
g phase. For exanple, the continuous catal yst

can @:@lt«mt@ci berweern filtration dad Hlgw-backr acaprgmee (i preggiermined cycle to
110 that is adapted to renove fromthe fluid bed
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gas 162. Filtering the entrained catal yst 160 back to

size tihgudies swkrohOsizadapdreesroridheofizet he theafiligry sk001 40! tip designed to
activated and substantially prevents the catal yst from

accopmhaigtel thesdir valerityead preSaserntingbf the pwcessr Additignally, the filters 100,

101 are sized and shaped so that the filtered catalyst drops back into the fluidized bed and not
onto the horizontal or slanted walls where it could stick. The filtering step can comprise any
suitable filtering or separation procedure. This invention is not limited to any particular type
or method of filtering, filtration, separation, or catalyst removal and reinjection into the
process. For example, the separation might comprise a cyclone, an operation with some

cyclonic force, or other suitable systems.



det ect abl e anpbunts of catalyst 160 is | ost overhead.
[0030] In sone enbodinents, filter apparatus 100, 101

w@ 290851+ ovi ded above the activati on stages tRPCTHS208/013529
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cooling system 105. The cool i ng system
of oxygen between the temperatures of about 425 °C to about 875 °C. Cr(VI) becomes more

stable below 425 °C. To prevent the reversion of the chromium (VI) to chromium (III), the
initial step 106 uses the oxygenating agent 164 and the final step 107 uses an inert ambient
compound 166, such as dry nitrogen. Other suitable oxidizing and inert ambient compounds
will be apparent to those of skill in the art and are to be considered within the scope of the

present invention.

[0033] As shown in FIG. 2, a continuous catalyst activator system 150 can comprise a
polymerization reactor 140 for producing polyolefins using the activated catalyst 165 and a

continuous catalyst activator 5. The system 150 can also optionally include a storage vessel



105 can include at |east two steps or stages, an
initial step 106 and a final step 107. The initial
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inert agent 166. As previously indicated, the
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cataly §08datoxs] 03 hmewrbienthE dEferet catalysts tchimnblemded oeitham yhet flutdined bed
be activated at a tinme. For exanple,

of the continuous catalyst activator 10°. There are various possibilities for this aspect of the

invention. For example, a vessel comprising multiple chambers could process multiple
catalysts simultaneously. One aspect could produce a blend of catalysts capable of
polymerizing a unique polymer. In another aspect multiple parallel activators could be
operated and then utilize a single cooling jacket and/or other aﬁxiliaries such as the filters.
This arrangement could supply catalysts to single or multiple reactors, plants, or facilities and

result in lower capital investment and energy usage.

[0035] It is anticipated that the continuous catalyst activator system can be used for

activating catalysts for use in various polymerization reactors. In the following descriptions,
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that essentially two isolated chanbers are forned
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enbodi nrent, two different figed streans 60, 60a enter

the fluidized bed catal yst vessel 10' and are
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has lupssd,ghe ¥dlemhepnverted catalyst is cooled in the presence of an oxygenating agent

164 and then purged in the presence of an inert agent 166. In an aspect, the oxygenating
agent 164 can be air, substantially pure oxygen, a mixture of air and an inert gas, a mixture of
oxygen and an inert gas, or combinations thereof. The valence-converted catalyst 165 is then
discharged. The valence-converted catalyst 165 can be discharged into a storage vessel 130,

as shown in FIG. 2, where it is maintained in an inert, dry atmosphere until it is needed.

[0036] The catalyst 160 that is fed to the vessel 10 can, and usually does, contain moisture.

In some embodiments, moisture can to be removed from the catalyst 160 prior to sending the
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continuous catalyst activator can feed one or multiple plants, facilities, reactors, storage

vessels, or any combination thereof.

[0039] Another parameter that can be adjusted is the activation temperature used within the
vessel 10. The activation temperature profile used can be tailored based upon the catalyst
160 that is being activated and the desired properties of the resulting polyolefin product 170.
For example, in general, the higher the activation temperature, the higher the melt index

potential of the polyolefin product 170, but other properties, such as the environmental stress
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plurality of zones. Other suitable temperature profiles will be apparent to those of skill in the

art and are to be considered within the scope of the present invention.

[0041] Various heating sources can be used in the methods and systems described herein. In
some embodiments, the vessel 10 is heated using electrical heating. Use of electrical heating
can reduce air emissions, green house gases, NOx or SO, emissions, and other emissions that
are caused by using other types of heating sources, such as natural gas. Other suitable
heating sources will be apparent to those of skill in the art and are to be considered within the

scope of the present invention. The continuous catalyst activator has an advantage of using



activation tenperature profile can be used. [0040] In

sone enbodi nents, the maxi numtenperature at which the
W@ ai0ag=04 160 i s heated is in an overall rangePOf/Usipo8/013529
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catal yst 160 can occur by heating the catal yst 160 at
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hours to about 15 hours. Some catalysts could require hold times of about 1 minute to less
than 2 hours. The hold time described above is the average time the catalyst is maintained at
the hold temperature. The hold temperature is the maximum temperature in the activation
process. The hold temperature could also be some other critical temperature other than the

maximum temperature. The overall residence time is the average time it takes the catalyst to

travel from one end of the vessel 10 to the other end.

[0043] In an aspect, the overall residence time can be spread across the plurality of zones by
holding the catalyst 160 for different hold times within the plurality of zones. For example,
the catalyst 160 can be held within the first zone 15 for a hold time that ranges between about

0.1 hours to about 6 hours; alternatively, from about 0.5 hours to about 4 hours; or
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Velo‘f‘%‘?ﬁfé‘? uted i ncrerge (oY B CP%YﬁSSé?‘h’EaEﬁS éng %at%ll‘r‘é qHﬂi&’ rfﬂrlf?ng as smooth
nperature in the activation process. hol
ﬂmdﬂ@ﬁﬁb?fatf‘%l Fetalygio8 can Bpmpimtaingdan &heWé?seHQ tT]«‘faq:r(VI) conversion is
tenperature other than the maxi nrumtenperature. The '
positaNedy edrielatesstodbheasalyst getiviy. {The palyarcagwdustpuality campe better with
the catalyst to travel fromone end of the vessel 10
higherocatdlst e¢cthiety dugdo lower catalyst residuals in the products obtained with higher
activity. Chrome level in the resin is a product specification. Product quality includes, but is
not limited to, clarity, color, gels, polymer mechanical properties, and polymer physical
properties. The fluidizing gas 162 can be supplied at a linear velocity that ranges from

about 0.1 ft/sec to about 0.7 ft/sec; alternatively, from about 0.2 ft/sec to about 0.5 ft/sec; or

alternatively, from about 0.25 ft/sec to about 0.45 ft/sec.

[0045] Besides operating parameters, physical properties such as the size, dimensions and
configuration of various components of the continuous catalyst activator 5 can also be

adjusted to affect the conversion or properties of the catalyst 160 and the properties of the
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[0047] In an aspect, the step of heating the .catalyst 160 and the step of cooling the valence-
converted catalyst occur in separate vessels. In some embodiments, the step of heating the
catalyst 160 occurs in at least one heating zone that contains at least one stage. The heating
step can occur in the vessel 10. In another aspect, the step of cooling the valence-converted
catalyst occurs in at least one cooling zone. The cooling step can occur in a vessel external to

the vessel 10.
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reactor/reactor system and/or sending the catalyst to the process equipment in any manner

that will ensure that a continuous supply of activated catalyst is being fed to the reactor.

[0050] The chromium contained within the catalyst 160 that is prepared or activated in
embodiments of the present invention can be a chromium compound supported on an
inorganic oxide carrier. Examples of the chromium compound can include a chromium
oxide, a chromium salt, an organochromium material, or combinations thereof. The
inorganic oxide carrier can be any carrier that has a high surface area, a high pore volume,

and is capable of forming an active catalyst upon activation.



[0047] In an aspect, the step of heating the catal yst
160 and the step of cooling the val enceconverted
W@ 2009408904 occur in separate vessels. In sone PCT/US2008/013529
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the reactor/reactor system For exanple, an inle
gees Jihg @varagecparticle size gan ¥ary fiom dhwigrensyypylo’ %Od@ﬁ@pamltematwely,
feed supply of activated catalyst is sent to the
fromy abqut 3 micrprisdp aBeNtt298 MEci9ps cHe@aBEl, SieENntboph4dd niigons to about
useful in operating the reactor/reactor system such
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model numbers 969MPI, 969MS, and HALDS and other suitable catalysts available from
vendors of commercial catalysts. The catalyst particle size average, mean, median, or some
other averaging method with a confidence limit, can be about 15 to 200 microns. The

continuous catalyst activator is not limited to the amount of Cr in the catalyst, the average

catalyst particle size for a polymerization catalyst, or other particle properties such as



that wll ensure that a continuous supply of activated
catalyst is being fed to the reactor. [0050] The

W@ booonsupa cont ai ned within the catal yst 160 t hBET/UUS2008/013529
prepared or activated in epbodi ments of the present
i nvention can be a chrom um conpound supported on an

morphBREY ahbse) oaﬂudsrofahés Shckif @B §%afd gsi I!Sh%élé‘ BRI D long as the

conpound can i nclude a chrom um oxi a chrom um
partifidistcaple O3afpaRIAdiME um material, or conbinations

t hereof. The inorganic oxide carrier can be any

carrier that has a high surface area, a high pore

(005¥]0t KeNRilandd State D BGRRARINGIURAbefRE BliRgadNag bV Se CRIR) df%tr(n) but
upon activation.[0051] The support, which can al'so

mostCBInnfRly R8s G Altier BRMCEABA hiSIBast 5drh€8F the chromium is converted
silicaalumnum silica-titania, alumna, silica oxide,

and RHL NAhmPSSANAAE. ORBARRARL @ﬂh@éd&&s@ @f the 'a&%ﬂﬁﬁeg how much of

silica, silica-zirconia, clay, zeolit

I [ T »|
o Y D TR Ao N0

spac@ba% t}potgth\é\'tomdo{fntlé) PLghr(%m‘Mn 1§?z{<§1né)f)%raéq§[1 er}ﬂhb gljexy of surface,

from about O. % t'0 about e sur

o BB AN 190 P . AN R0 o
themgﬂg% rpﬁﬁéveamegpqg b ol z%ggg%gyﬁn %y gguo P G in the
58 SR 55 oA Fa b oo
o R34 e W5 BORAE Pl S S

ernatlvel fram about 0.2 o about 0.5
(usmﬁﬁ R agamﬁ%ﬂdﬁceraélogl t?@p%rswev%mﬁle F'bm"%‘"‘rﬁ“ﬁ?lotﬁé“%dﬁocess-
to 500 m crons; alternatlvel , from about 30 m crons

This bgcomtss @oro HRPAFINE At highex @ﬁlﬁ@tqn\}@merawa yhsksote 046’ I) is more
m crons to about 150 microns; alternatively, fro
prong K, dRcomgosHiern: oRter ghramiim valsepepioa bpgresent during part or all of the

al ternativel from about 50 microns to about 100
methes! ctephdesclibabbyreing Tans belissel Hehsatgysts RGO prads dmpccordance with

i nvention, the catalyst 160 can have about 1 % Cr, a
embodiments of the present invention will have conversion rates that range from about 50%

to about 100%; alternatively, from about 70% to about 100%; alternatively, from about 80%

to about 100%; or alternatively, from about 90% to about 100%.

[0054] The methods, apparatus, and processes described herein can be used with various
types of chromium catalysts. For example, when a resin with a higher melt index potential or
a catalyst with higher productivity is desired, a catalyst that contains titanium can be used.
Titanium-containing catalysts can be more expensive than non-titanium-containing catalysts.
In many instances, it is more economical to add titanium to the catalyét rather than to

purchase catalyst that already contains titanium. To accommodate the need for producing



surface area of about 300 nR/g, a pore volune of about
1.6 cc/g, and an average particle size of about 100
WOonR@posHE04 Sui t abl e catal ysts that can be used PeT/UR®08/013529
present invention include sgveral grades that are
commercially available fromWR Gace Co. and are

t1tan§19{ gotzﬁﬁ’iﬁé i stnﬁlg%lroc@m%sénb%ﬁwﬁn canGRdYiRie @8 gteﬁ'ﬁk%natmg

er  sui ' e catal ysts avail abl e from vendors of

the Gaq’ 1 dﬁfo@'to %Llﬂ{gyﬁkscatﬁ%@ t6 A MR ImPR e hSdrfuRl Z€o titanate the

mean, medi an, or sone other averagi ng nethod

catal tt ﬁwaca{:a {sct%ﬂ&gteh Ivmhta tifafidl 09% 39%“5 tll‘élaﬁ& ?c%erature prior to
1oyt

e contil nuous cata activator Is not

heatmg qﬁe c%gal);si) 0 th m§ eg'{perg{uré. rSL%ltlgﬁleQ Q{lyn?égentts Iﬂ'ﬁ:lude titanates,

rage ca yst € Slze 10r a I zat1on

such aast ﬁ%?kf@o&f ar? I: I??a{na%@ ulf;:heduplgo%%g th']e%?ou?éj ?c or any such

asnor pho shape properties, pac
ar L ngIty so long as the partlcle

su1ta%Le Cé)glé)g%x?/ egmal?ly a\]{alglw dl zed . [0053] The val ance

state of the chron1un1before bei ng activated can be

T

oGO A R En , B0 bt bRy s s

il e s I e

s G 9 RS L 08 0P ALy AR e

e i dgedt Fio E@amé&%%aby\héedgﬁ% et By }"?wgo?lgvﬁdhy%gogen and

oGm0 IS S, b COEL 0, O R Sl B cplyed
activator. The catal%sts 160 of this invention

a reguelipe MMRPrAIE deeveaRPUBIC MY G aHvarEiEbn bt@ﬁ‘aeﬁnéﬁ%tc gpd 450
the sane catal ysts activated simlarly (using the sane

°C. oFhp wrertigh pressirt \aft the rredusinge B2t 6% by @87 j u3ble pregsure from sub-
comerci al batch process. This becones nore apparent

atmegpherfreto ¢ latinsrhighcrressurei byt theesipplestiredusingiireration fdo gfiliag apout 5
is nore prone to deconposition. O her chrom um

to 2§ svlemeBscadwn nipmopide,skinted dunitmgemp atrabowfratmespheric prpgsure.

[0056] Once the catalyst has been reduced, it may be beneficial to reoxidize the catalyst. In
some aspects, reoxidizing a catalyst that has been previously reduced increases the MI
potential for the chromium catalyst, provides for better chromium conversion, and exhibits a
different rheological response. The rheological response can be characterized by a narrower
molecular weight distribution or a lower level of long chain branching and can be measured
by some shear response. Generally, reduced and reoxidized catalysts will produce resins with
a lower HLMI/MI ratio (high load melt index divided by the melt index) To reoxidize the

catalyst, the valence-converted catalyst that has been reduced can be contacted with a second



nmet hod steps described herein. It is believed that
catal ysts 160 made i n accordance with enbodi nents of
w0 b@opssasent i nvention will have conversion raP@€sUS1v88/013529
range from about 50%to abeyt 100% alternatively,
from about 70%to about 100% alternatively, from
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a genp CHLES %Ssa%s&rdrbcﬁﬂ"erlgﬁtr ﬁ"brﬂ thé& ﬁrsj? %xygce%gtlﬁ@ Eé%ny aﬁ"h@ Y 0x1dat10n

types of chrom umcatal ysts. For exanple, when a res

temp\é’fame Q:alli” &%@rfr&ﬁltﬁe r&gl@ orP Htlﬂle tQ'a a.ké/ %{‘eawirttnan the

|g er pro UCtIVItyIS eS|r a cataly
max 15‘%@1‘1‘&&‘&%%% %ﬂlpﬁeb&@g& 456%;% Hﬂ?o‘zem ai ni ng
catal ysts ‘can be nore expenS| ve t
non-titani um cont ai ni ng cat al ysts. In many i nst ances,
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onE B0 S SRR 0k A0 AL D bt

prodﬁétt B &ém& r?%ﬁﬁamt a)%t Baﬁla{&?%d rIdoa{ polelﬁlenzatlon reactor 140 in

pr oduci n I ning cata rocesses
com?ﬁaétfbglg%’grgyg?& Srblgeo %Qﬁct’s Egrlgtftqs% L{&ﬁucﬁﬁ%?g(ﬁ;/ol f" r% &nl?%gi Ohtroller C,
a polgﬁféh%%igb E?eaggg g?({ Yh§a aon%ni:%g]&s%n?}yt%ta aﬁ:gl??tgrﬁg %ﬁ ombl?atlgn shown in
Flgu{e i angtcogtgnu%nﬁsm at%lat Qe uo{rés%tg%olégglatgf {)‘(ﬁ t hrgﬁaggrh regété I, process

S G005 R B G0 LR S
suita g} c avai F % :

procis sh RS 1 EAREE s PR f#élfa% iy 8?%31“8?1 sl Bge e o
can, be added ta the process ? ed herei

includia B af% PGbUEPIFAGHY | BPErPITe st r B § xfg?rc:ﬂ PBF Eripggical
in the resulting resins. One such steg nprises

meagugemfaf fEviene gy eedhe wegee eﬁle/lepﬁ Howpu Pﬁ/@? T3 rigpbpigae flow

. activation process, wherein the val ence-converted

into therreacyest ispbyitang floaceus @f Wetthaciory kexara g arje e reatier, hexene flow
reduci ng agent can be any suitabl e reducing agents

out qf el rgefiterghexiers $asversip i e meacmdhydengo Alovwinto thedeactgohydrogen
exanpl e, the carbon nonoxi de reduction process can be

flowentpplothe deagtor, hydrogen conversion in the reactor, polymer flow out of the reactor,

liquid flow out of the reactor, total mass flow into the reactor, total mass flow out of the

reactor, total volume flow out of the reactor, catalyst flow into the reactor, catalyst flow out

of the reactor, concentration of ethylene in the reactor liquid, concentration of hexene in the

reactor liquid, concentration of hydrogen in the reactor liquid, temperature of the reactor,

pressure of the reactor, weight concentration of solids in the reactor slurry, volume

concentration of solids in the reactor slurry, weight concentration of solids in the settling leg

solids bed, number of settling legs, bulk density of reactor polymer, density of reactor

polymer, residence time of reactor solids, catalyst activity, catalyst productivity, catalyst



a reduction tenperature between 3000C and 500 0OC,

alternatively between 3500C and 450 OC. The partia
w@e@sssFied of the reduci ng gas can be any suit abCBUS2008/013529

pressure from subat nospherbhg to relative high

pressure, but the sinplest reducing operationis to

actnM% fllc!tg're tez?ll?ig)lﬁ t?oa gf%ettﬁ#%@@ﬁxgﬁa%p%&emﬁk QQe lq{el (Htﬁ)qiymer

nitfogen, out at ressure. [0056]
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Level qf |on hai_.n anchi ng and can be neasured by
dem%%ﬁgaﬁﬁgﬁrmﬁg gH&igns %@ﬁ%$ally, reduced and reoxi di zed
catalysts wi || produce reslns wth a | ower HLNI/M
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reox e ca ence-con erte

discgaé%e S%(s)g &2‘% am. vraélalgg x {© pt?l%iI § %g/of“e%g r%gct&ro P{(ﬁ% %gj u‘é‘f11¥gh arf inlet
val enc nverted cat al The econ nati.n
proceYiFistia o B3 tF*fﬁ SO arfy 3%m 9kr* gl Eridpggents. the
natin ent re-oxidati n te r ure ca
contpolligE b BRPESETEHL AR aR AEHDE & e ORI %%@thaﬂveéworks
greater than the nmaxi mum hol d t enper at
partigl JRSE eSqUEEWEERCIRISH 0 EOBPRICRI dRETBEIONS: o&fﬁ] PHRCiplp HRgels. o
enbodi nent of the present invention, process for
compingidRne itHEeod thiarey SNRFdmeEheRese th tt%lsﬂ@rawr%fe&soﬁﬁr@?rﬁ ygERdle Y.
catalyst activator 5 and a polynerlzatlon reactor 140
i n_conbination. is provided.

0
[00581 Guors #Ee: ﬁ&W'éﬂr%@f FtFFaB’sPrﬁgeS%\V %I ‘P‘le*ﬁ1 (rg) 38“6“23“0“ reactor
pol ymeri zation reactor 140, and a conti nuous cataly
140 acmpwitprestang coppared At ARSI PregssiwRrinble SPRoi 25 2% Oavn in FIG.
continuous catal yst activator system 150. A
2. fpoinjermroces YasibleSher dre gnbruss cifalystaptivtrs Edhiatdesiaddased
a reactor process var i abl e set pOI nt and a conti nuous
uporg atcaimperisoa e itheadisgharge stream process variable Y and the process variable set
point Z. The discharge stream process variable Y that can be monitored can include catalyst
activity, melt index, density or rheological parameter of the polyolefin product 170, the
production rate of the reactor, or combinations thereof. The inlet process variable X that can
be adjusted can include a catalyst feedrate to the activator, a zone temperature, a catalyst hold
time, a fluidizing gas 162 linear velocity, the type of fluidizing gas 162 used, or combinations
thereof. The step of adjusting the inlet process variable X can be performed using a

controller C programmed with an algorithm A selected from neural networks, partial least

squares, principles, component regressions, first principles models, or combinations thereof



process variable is adjusted accordingly. Such

pol yneri zati on reactor process variables can incl ude,
wheiovmssaonot limted to, nelt index of the pol ReEUS2088/013529

pol ymer rheol ogi cal neasurement, ethylene flow into

the reactor, ethylene flow out of the reactor,

to lﬂ@phﬁlﬁeaaﬁgf&mgésnmtﬁeh@isd}ﬁag%t Procest SRBHE anB et Qe tﬁfes of
the reactor, hexene flowinto the reactor, hexene flow

cont@HErs A tHah grerdaa@al@ bf alfj8XRBENE wegr&emarﬁbie% Wil %tacas;)arent to
hydrogen flow into the reactor, hydrogen flow ou

thosd Mkﬁﬁﬁ‘fﬁeoarrb a4 BARRoASANES Witiah tHe@cc{]JES)f g)%sgﬁt' invention.
pol ymer flow out of the reactor, woout ot
the reactor, total mass flom1|nto the reactor, total

10060PAS ahb @Y OMbodnchiNEE HRABEMe ihRhaAbn, VA IR, dil B %Hen‘?fS for
e reactor, catalyst flowinto the reactor, catalyst

contmh&l@’l)pyrte;t)ﬁfngtah&itz{l?ﬁ A60is prAe@Nis’ AbkRNn afGet hyh Gfﬁkecér{t‘muous
the reac l'i quid, concentration of hexene in th

catal.ryﬁ%&'i\%[or I5I Q%l%m%%gﬁgﬁﬁl;e'sﬂﬁ Men%yglr é%%%%t baﬁn&l@ (ﬁas a hold time

feactor [iquid, tenperature of the reactor, pressu

or reSlledcBfinleq8 %t G convefclt dhth tﬁéﬁafcﬁmlﬁghua&ug ga§(f|Si t isra&sgﬁ to the

reactor slurry, volune concentration S in

averzgg%%(f%@ Eatﬁpé{rl%@f T}Q@H&@n Cf)(f%c(% Bﬁlﬁ)‘h% QaQaI?Jt ag‘tRJat 3 of @hl%nﬂ%ﬁntlon

Ing teg solids er o Ilng egs,

can gr%PE‘ etay 5191flla¥ ﬁ%gﬁ)? of {89{%&‘3{9 1ndtﬁ9%httci’{ agﬁflva ea?ntcﬁltdlqueq(ually high

resirdence reactor so
catal?sctta t1v1 Pol?'c?\n%ﬁ 1 ¥§)\(}1é (rgtlgeﬁtl 10 é)(}ll!)(}sté{tlf’l ; ncg c%%l %% \yI 6%’\])9%0!11 ata
: reacto
mucf e‘é‘i’tef SRR, M’ SatirrmsEheaiE ot Dl S Bhocted in e
slurr IeaV| the reactor that part Q .
batc s p s mcmre%ﬁanc@iﬁlgfts maaﬁ@e@rvateﬂrbaﬁ%@aé‘gtwator
nunber for mer settllng in settling | eg, Reynol.ds
at the, SppfedT Sfravar&ei%%?s Wiholq EPPATEeshq FoRgnIY, catelryas@twator can
sectional area of a settling |eg occupied by polyne
prodggegual os grepsh e Ve tr &V aredyce ngh@rga,ctla@hcsaitatlxﬁtwnd produce
catal yst, or conbinations thereof. [0058] In an
catalygpeapable phRrogesing SFpeittTirapravasemelt @é?wmwaw th an

algorithm A to control a discharge process stream

variable Y on the polyolefmreactor 140 by a %ustln%1
[006L},Becapsst the processes and systems described herein are more efficient € same

throughput than batch processes and systems, it is believed that smaller equipment can be
used at the same or greater capacity, which reduces the initial capital investment required to
install and operate such systems. Because the actual activator itself is not heated and cooled,
as in batch activation processes, the mechanical integrity of the activator is better than in
batch activators, which in turn helps the activator to last longer. Furthermore, less cycling of
the heating and cooling steps in the continuous activation process can utilize less energy and
reduce greenhouse gasses. A comparison of utility costs for batch activators and the

continuous activator is demonstrated in Table 1. The utility costs are estimated using basic



process variable X on the continuous catal yst

activator 5. As in other enbodi nents,
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[0062] While the invention has been shown or described in only some of its forms, it should
be apparent to those skilled in the art that it is not so limited, but is susceptible to various
changes without departing from the scope of the invention. For example, various types of

fluidizing gases can be used, various metallurgies can be used for the activator and other



or residence tinme to be in contact wwth the

circulating fluidizing gas 162 that is closest to the
war@pagaopf all catal yst 160. The design of thBCT/US2008/013529

continuous catal yst activagr 5 of this invention can

produce a simlar quality of catalyst as in the batch

syst%%&xﬂ?’én@ﬁm, AAChE kB9 G RLAb1 W HER! Bb She RetHodd %lyd systems
pol yol ef i n product nelt index potential, and catal yst

desclibdd\lereifs WY B6 %i)}ga@exﬁ‘_tto ﬂon@l"&F‘skﬁPQJ th€4rt QHE ?1%' th te ec%hggegé}?within

tinme that is approximtely 40%to 90% of that nee
meshgwggngQ&ﬁmjgﬁkh&gtor processes. \Wen conpared to
catal ysts that are activated by a batch activator at
the sane or simlar hold tinmes and hol d tenperatures
the continuous catal yst activator can produce equal or
greater conversion to Cr (VI), produce higher activity
catal ysts, and produce catal ysts capabl e of producing
resins with inproved nelt index potential. [0061]
Because the processes and systens described herein are
nore efficient at the sane throughput than batch
processes and systens, it is believed that snaller
equi pnent can be used at the same or greater capacity,
whi ch reduces the initial capital investnent required
to install and operate such systens. Because the
actual activator itself is not heated and cool ed, as
in batch activation processes, the nechanica
integrity of the activator is better than in batch
activators, which in turn helps the activator to | ast
| onger. Furthernore, less cycling of the heating and
cooling steps in the continuous activation process can
utilize less energy and reduce greenhouse gasses. A
conparison of utility costs for batch activators and
the continuous activator is denonstrated in Table 1.
The utility costs are estimted using basi cassunptions
for conparison. These assunptions may be derived from
actual experience wth batch activator operation. It
is assuned that the continuous catal yst actvator
systemis operated over 8,000 hours annually with a
93% stream factor (8,000 hours/1 2,400 hours per year)
and maxi mum activations. Fuel costs include a fuel gas
cost of $5.73/ MM BTU and/ or



an electric cost of $0.05866 kwh. Exanples A through C
are batch activators while Exanples D and E are

w@omvisious activators. Exanple A and B are f oPChHS2008/013529
fuel ed batch activators, eagh having different
activation capacities. Exanples C and D each conbine
gas and electric activation, however, Exanple Cis a
bat ch activator and ExangiaiMs S a conti nuous
activator. Exanple E is an electric continuous _

1. RelnbabPpreparitp dt AL nE SIRRRIL A &R bLAAYstBRpRERET 1 C
cont 1 nuols catéﬁyst activator wll provide
consi derabl e cost reduction. TABLE 1 Conparison of
Bal§ et L£omtbhlyRUSrAGls! MRbBfuf bARRZd cMtinuBud BRalyst activator
i nvention has been shown or described in only sonme of
i ts f.0mpR in% ta Sl B& aARR fRntdifing NOSRaBkl Io®d thrBugh the
the art t%a It is not so limted, but is sSusceptible
to VQBh%ugw SctWalol O4ithe ASRBEE AinfdifMat D018 GRS rRhre for
the invention or exanple, various types of
f|UiQkéb?9 £8mean be used, various netallurgies can
be use of the activator and ot her syst em conponent s,
and the like. Qther suitable variations fromthe
e Q@ﬁta&ﬂ% RY %&@5{& wies s kbhe me%geﬁﬂ 8 Bhbdrt RAcAPPRBAIK of the

o

to those ski | in the art and are to be consi dered

Wi t hic roté'l?ﬁmsffo%p@r(ﬁfl) th I@i\ﬁ; %Sﬁ&iucle RVt deQantdrRl IE@a%st; fhd

nmet ho preparing at |east one val ence-converte
catal yst conprising: (a) heating a catal yst conprising

ChygrdaiNg & RiltBred pERIBh IR RS IHBS-8drSite PGV bR to an upstream
conprising a fluidized bed while maintaining a

cat aliystiof lif Wh%l WOQH%luE NGtafRN LERVARK SsoC B |e¥s%¥1t|j]e::1)llyd no normally

activator so the catalyst I's naintained at a

{eTPELALHER o Rupdlt UBEATRSIBlheb ™0 (B) contacting

the ca St w east one agent to convert at
| east a portion of the chromumfromC (Ill) to C (V)

2. TR rHétﬁQdJ&ecl VidhRRG 'ogl pyggted catalyst; and (c)

recycling a filtere rtion of the val ence-converted
catal yst back to an upstream

(a) cooling the valence-converted catalyst in a presence of a first oxygenating agent in

a separate cooling system downstream of the fluidized bed catalyst activator; and

(b) purging the valence-converted catalyst in a presence of a first inert agent in the

separate cooling system.

3. The method of Claim 1 further comprising discharging the valence-converted catalyst

directly to a polymerization reactor system, or a combination of polymerization reactors.

4. The method of Claim 1 wherein the maximum temperature is about 300 °C to about 1000

°C and the average hold time at the hold temperature is about 1 minute to about 30 hours.



| ocation in the continuous catal yst activator so that
essentially no normally detectabl e anount of catal yst

WO 2000083100ver head. 2. The nethod of claim 1l fuP€hEs2008/013529
conprising: (a) cooling thgjval ence-converted catal yst
in a presence of a first oxygenating agent in a

5. THRRAMRIS I NGrBMLRPLAAYNIih 8RO Lathipg f | ui di zed
bed catal yst activator; and (b) purging the
val ence-converted catal yst in a presence of a first

6. Theehéth@DenNldim 1 hatReRamhpliEns RALEIRE ab YeabtedNposion oftBe valence
met hod of Claim1 further conprising discharging the

con¥ACERERyE FOMARS ERVERSaAt WA CHiy ®atly to a _
pol yneri zation reactor system or a conbination of

pol ymeri zation reactors. 4. The nmethod of Cdaiml

7. THeah&hdd dhE€laliX%i kiRt RIPEEiAL WoRidisingaoledst 3drita dfOhe catalyst
about 1000 OC and the average hold tinme at the hold

prodh&ANE Calid 680 ke @PPYstale. M NUt e to about 30 hours.5. The
method of Caim1l further conprising titanating the
catalyst. 6 . The nethod of Caim1l further conprising

8. Thedu&thed) oACIdiRaB furthep @binping Eordtidllingad eaaRuENSRA1y R Activator
catalyst fromthe Cr(Vl) state to a C(ll) state. 7.

dischbig predebehriable Gy atiusthnof dbohfiious OAR Y4t SERA 0T @t pildcebd@iriable.
at least a portion of the catalyst produced in Claimé6
to the Cr(VlI) state. 8. The nethod of Claim1l further

9. Thenméthsd 0 Qlgint 8 Olwheregh the CoRtiuUO Watalyad adtivator @lischatgd Prfocess
di scharge process variable by adjusting a continuous

variabad ieh ¥SiveRedn of&rdIl) toCRVI)PEDOESISn YACHFD) 8 .CrQI), 4 bekalyst color, a
nmet hod of Claim 8, wherein the continuous catal yst

catalg@@tabiyafy0br nbehabgaheescess variable is a conversion
of & (lIll) to C(V), conversion of Cr(Vl) to Cr(11),

a catalyst color, a catalyst activity, or conbinations
10. THaeh&hdd ofl Claichh& wilekrdi@ dheDfluidizad Bed catulyar i@ieh pkdtess variable is a

fluidized bed catalyst inlet process variable is a
catalyst feedrate, a zone temperature, a catalyst residence time, an average catalyst hold time

at a hold temperature, a fluidization gas flow rate, a fluidization bed height, or combinations

thereof.

11. The method of Claim 1, further comprising discharging at least 2 different valence

converted catalysts from the continuous catalyst activator.
12. A process for producing a polymer comprising:
(a) monitoring a polymerization reactor process variable;

(b) comparing the polymerization reactor process variable with a reactor process

variable set point; and



catal yst feedrate, a zone tenperature, a catal yst

residence tine, an average catalyst hold tine at a
whodod/osanper ature, a fluidization gas flow ratRBCT/EHS2008/013529

fluidization bed height, ogrpyconbinations thereof. 11.

The method of Caim1l, further conprising discharging

at(ec %@%Em% di fhRiRBhs VALBRE CachONVE T EdsC alaBhIST Baskd OfBon a

nti1nuous catalyst dctivator. 12. A process for
prod lc!&'nf}&hs@n BRI %@n&%%f&n%h&%r p(&_)essmaﬂhﬁlg bhdhe@eactor process
pol yneri zation reactor process variable; (b) conparing
t he QQAME?&kéﬁkfon reactor process variable with a
react or process variable set point; and(c) adjusting a
conti nuous catal yst activator process variabl e based
upon a conparison of the pol ynerization reactor
process variable and the reactor process variabl e set
point. 13. The process of claim 12, wherein the

13. PRMPrbdeobScIsiat &, Wotlerdif theVdhnBhuddl OSRISS A¢aVdtabprBcdsS variable is a
cat al yst feedrate, a zone tenperature, a catal yst

catafyﬁsfkéjﬁeﬂg & FonBRomRh @Y & 30y E dsfleNcet i) lafl aldri® @taly@t hold time
hol'd tenperature, a fluidization gas flow rate, a

at a Bﬂﬂ 't(g'h CYARA]Y a%@hlﬁ%bg Lo NN rAQAHNBLABADed H&%}&,O&- comfbinations
e process of claimI2, wherein adjusting t

ther&@Nt i nuous cat al yst actlvator process vari abl e
conprises using a controller programmed with an
al gorithm conprising neural network, partial |east

14. BRUBLESs JBrdldifi P, Gwherd n%@ﬁg ﬂl%gcro%ﬁﬁ’ddﬁ@acafalyrsﬁﬁctlvator process
principles nodel S, or co nations thereof to infer

varléﬂw %F‘ﬂhe 5 aﬁ'@gg %ohtﬁ)lfep Srébrafiied YRhPAP C&Fg%ﬁth% lt8APRsi® neural

trron system conprising: a)

netv%%,yﬂm{al %9&%{ Qcﬂlafeg,aﬁrtn%qple, component regression, first principles models, or

combinations thereof to infer impending changes in the discharge process stream.
15. A polymerization system comprising:

a) a polymerization reactor,

b) continuous catalyst activator comprising a fluidized bed, and

¢) a controller programmed with an algorithm to control a polymerization reactor

process variable by adjusting a continuous catalyst activator process variable.
16. A continuous catalyst activator comprising:

(a) a substantially horizontal fluidized bed vessel;



b) continuous catal yst activator conprising a

fluidized bed, and c) a controller progranmed wth an
w@bk@onsityn t o control a pol ynerization react orPQI/US®E%$013529

vari abl e by adjusting a congi nuous catal yst activator

process variable. 16 . A continuous catal yst activator

@)algéé agmb(la«,} phitS RS IR gu@LtLMIaw b ANt wifh Ofwhg'ﬂmzed bed

vessel a gas distributor plate exten
s in 'ka A"t 200k Ahasilt BF B fuiGizihk Whdbg f
vggééﬁ%%egﬁb g?%anged ﬁ%m%% owpassgg%lé ? &%? ghe uuhﬂﬂ
g t ghout the fluidized bed vessel; (c) an |nIet
fggﬁfﬁﬁggdu0|ng a catalyst into the f1ui di zed bed
vessel ; (d) at |east one zone dividing wall for
di ¢ shi MGt %J;en&ddu&l% 5%1 @folntx%smhdlkm RadeRlpral ity of
zones, at |east oneé of the zone dividing walls
conprising a zone opening that allows the catalyst to

be(dl Rt IEAHBEOnE AlviiRg WEX For dBMMNAE 1R FMBELADed V88l into a plurality
plurality of zones being |ocated substantially

hogfi Zped, a 1843t bR 8F HRNzdne &ﬂ&lngﬂ%ﬂae&ompﬁm (a®20rRaRning that
zone conprising at |east one baffle, each %aff

defijolsnfe @aél:yﬁgt%  beeREDAER0 §nth ARt FbRHstRamOWRE, the plurality of
boundary th conprises at |east a portion of the gas

di Shnkd Mg%cﬂécﬁéu%staﬁt fally 1B znfiN i RHAYS 1Ak %hé{ﬁ{) sand o

activator of claim16, conprising sufficient
to cause an essentially plug flow profile through the

) dichemdnd @Qn?/r%?ﬁgeit leégone-rlk‘a?ﬂ@ QALY puaY ﬁeﬁiﬁﬁ@& XQEC each zone

activator of c further conprising a

apMpﬁ'{sHl aaﬂ@'g{ ﬁalntjﬁ)ryrtﬁm\éﬁpﬁ% at %@J ¥ E&rtlgﬁrof 'tl‘fél §1§ distributor

estrained in the fluidi zing gas. e conti nuous
caﬁ yst activator claim 16, further conprising a
cooling system wherein an oxidi zi ng stage cools the
catalyst with a first oxidizing anbi ent conpound and a

17. Y Bfttinuous catalyst activator of claim 16, comprising sufficient baffles to cause an

essentially plug flow profile through the fluidized bed vessel.

18. The continuous catalyst activator of claim 16, further comprising a filter apparatus

adapted to remove any catalyst particles estrained in the fluidizing gas.

19. The continuous catalyst activator claim 16, further comprising a cooling system wherein
an oxidizing stage cools the catalyst with a first oxidizing ambient compound and a purge

stage purges the catalyst with a first inert agent.
20. The continuous catalyst activator of claim 16, further comprising a reduction stage.
21. The continuous catalyst activator of claim 20, further comprising a reoxidizing stage.

22. The continuous catalyst activator of claim 16 further comprising a polymerization reactor.



stage purges the catalyst with a first inert agent.
20. The continuous catal yst activator of claim16,

WO eooblogtioconpri sing a reduction stage. 2 1. ThRCT/US2008/013529
continuous catal yst activaggr of claim20, further
conprising a reoxidizing stage. 22. The conti nuous

23. ﬁ%tc%t%ﬁt%uéa&tteh%&ta&fvagjr of LBInt & Gurftief E&ﬁﬁnsﬁ%”ﬁ%ﬁhfét B@n&ion agent
nerization reactor.23. The continuous cat al yst

qgtlvator of claim16 further conprising an inlet

% anati on agent disperser. 24. The conti nuous

catal yst activator of claim 16, further conprising a

24. THRABRG uofl é’a'tzgﬂ/gt] getWalok of Oain ENARMRS compRI rh&ﬂhaﬂﬁ@r dividing wall
catal yst to be prepared sinul'taneously. A

that &%Bfeg molreeﬁlart e ta‘?}gm' H%%q ﬁ@d%ﬂﬁmaﬁ@éu'sﬂn r eaCt or and
conti nuous catalyst acti'vator conprising an al gorithm
to control a polynerization reactor process variabl e
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varil a

comprising an algorithm to control a polymerization reactor process variable by adjusting a

disp

continuous catalyst activator process variable.



